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GRAMMAR OF CHEMISTRY. 



Definition, Chemistry is that science l)y which we are ena- 
bled to discover the composition and properties of bodies. 

1. The object of Chemical Philosophy is to 
ascertain the causes of the natural changes, which 
take place in all substances, and to discover the 
laws by which those changes are governed. 

2. Most of the substances belongjng to our 
globe, are constantly undergoing alterations in a 
perceptible manner, and one variety of matter 
becomes as it were transformed into another. 

Observation 1. The foundation of chemical philosophy is 
observation, analogy, and experiment. By observation, facts 
are impressed on the mind. By analogy, similar facts are con- 
nected and the existence of other unknown facts are inferred. 
By experiment new discoveries are made ; and in the progress 
of knowledge, observation guided by analogy leads to experi« 
ment, while the inferences from analogy confirmed by experi- 
ment, become scientific truth. 

2. The ends of this branch of knowledge, are the discovery 
and application of new principles, or of new substances, to the 
arts and comforts of life, and also to apply known substances to . 
new and useful purposes. 

lihistration. Among the useful inventions, or improvements 
v^hich have been derived from a knowledge of chemistry, we 
may ennn>erate the steam engine, the manufacture of a peculiar 
ti*jd of porcelain ware, the safety lamp, a new mode of tanning, 
the analysis of soils, and the consequent improvements in agri* 
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10 CHEMICAL UTENSILS. 

culture, the detection of poisons, and adulterations ; improved 
methods of manufacturing medicines, the discovery of new ones, 
new or improved methods of dyeing, a new and expeditious 
mode of bleaching, improvements in the arts of soap making, in 
manufacturing several of the metals or extracting them from 
their ores, of manufacturing several salts, as alum, copperas, and 
nitre, the discovery of several new paints, and new methods of 
manufacturing others. Indeed, almost all the arts of life have 
been in some way benefited by this science. 

3. As the science of chemistry is founded on 
experiment, chemical knowledge is chiefly obtain- 
ed by means of a set of utensils, constituting an 
apparatus, together with observations made on the 
action of re-agents. 

Ohs. 1. It was once thought to be indispensibly necessary, 
that a philosophical chemist should be provided with a regular 
chemical laboratory, or room fitted up with furnaces, and other 
apparatus, on an extensive scale. This no doubt is of great 
utility and advantage ; but the researches of Bergman, Morveau, 
and other eminent chemists, have shown, that many, if not most 
of the chemical operations may be performed with the blowpipe, 
a few small glass vessels, and an Argaad lamp, with greater 
speed, perspicuity, facility, and of course, cheapness, than where 
larger quantities of the materials for experiment are used. 

2. Without making such experiments as verify most of the 
fundamental principles of chemistry, the student will find that . 
a great part of his study on this subject will be lost labour> I 
have therefore annexed the figures of some of the most simple 
chemical instruments, including only such as are easily obtain- 
ed, that the student may b?ive an early acquaintance with their 
shapes and uses. 



CHEMICAL UTENSILS. 

^^p-s^ Crucibles f fig. 1, are deep conical cups, without han- 

Cl.,,^.^dles. The form is triangular at the top for the conven- 

\ /ience of pouring out, but becomes gradually round 

\ i / towards the bottom. They are made of clay and sand, 

\ / baked hard, and will withstand a high heat without 

V^ melting. They are of all capacities, from a fluid dram, 

to a pint* They are used for roasting ores, fusing metals^ dta 
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Pats, fig. 2. are made of platina, black-lead, silver, 
&c. and used for particular purposes, where the ac- 
tion of the substance to be operated on, would destroy 
the clay crucibles. 



1 Matrasses, fig. 3, are vessels made of glass, in the 

/ shape of an egg, with a long neck. They are used for 

y V effecting the solution of such substances as require 

/ \ heat, or long continued digestion before they can be 

Y 3 \ dissolved. 



r^^^'^^'fl^: 



Retorts, fig. 4, a, are globular 
^vessels of glass, metal, or eartheu 
jware, with a long neck bent on 
V^ J \_ ^ one side. They are of indispen- 

^^K^^ *— ^h^^ sible use to the chemist for the 

distillation of corrosive substances, collecting the gases, &c. 
The tubulated retort^ have a tube and ground stopper, where 
the neck and body of the retort joins. 

Receivers, fig. 4, b, are globular glass vessels, with an open- 
ing or spout on one side, into which is inserted the neck or 
beak of the retort. They are necessary appendages to the 
retorts, and are destined to receive whatever comes over from 
the retort during the process of distillation, &c. They are al- 
so made in the form of a bell, for the purpose of receiving and 
retaining the gases. 

The alembic, fig. 5, is used for the distillation, 
or sublimation of volatile substances. It con- 
sists of two* parts ; viz. a the head ground on, 
and b the body into which the substance to be 
distilled is put. This part is set into a sand 
bath, placed ovem fire. The product of distil- 
lation rises up ihto the head, where it is con- 
densed, and runs down the spout into a receiver. 
A cucurbit is the body of the alembic without 
the head. When the head is put on it is an alembic. 
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12 CHEMICAL UTENSILS. 

^^^^ Fig. 6. A Florence flask, famished with a 

'i**^^ W tube to be used instead of a retort. Students 

/ \ will save cc»isiderable expense by using these 

/ V flasks in the room of retorts. The cork is pierc- 

/ \ ed with a burning iron, through which is passied 

I ^ j a glass tube bent as in the figure. The cork 

Y / must stop the, mouth of the flask closely. In 

u „ (i obtaining oxygen ^as by means of sulphuric 

acid and manganese, and for many other processes, this answers 

the purpose of a retort, while if broken the expense is only a 

few cents. 

Fig. 7. An air thermometer for ascertaining the tem- 
perature of liquids. This is easily constructed. It con- 
sists of a thin bottle partly filled with any coloured liquid, 
and partly with air ; a glass tube of small bore, aS a 
broken thermometer tube open at both ends, is either 
cemented, or hermetically sealed into the bottle, so that 
1^ its lower extremity may nearly reach the bottom. 

The expansion of the air included in the bottle, on 
the application of heat, drives the coloured fluid up the 
tube. A scale is fitted to the tube to measure the tem- 
perature. This simple instrument is conveiiient for 
measuring the comparative heat of liquids, as it will indicate 
changes not detected by the mercurial thermometer. - 

Fig. 8. The common blow-pipe. Every effect of the 
most violent heat of a furnace, may be produced by the 
flame of a candle, or lamp, urged upon a small particle 
of any substance, by this little instrument. It consists 
merely of a brass pipe, rather more than the eighth of 
an inch in diameter at one end, and tapering nearly to 
a point at the other. It is bent as in the figure. 

To use it, place the curved end in the flame of a 
lamp, and apply the lips to the other end, then blow 
gently and steadily, giving the jet of flame a horizontal 
direction. To keep up a constant stream of air for a 
length of time, the inspiration must be made by the nostril^, 
while the cheeks are used as bellows. The art of doing this is ' 
soon acquired by practice. The fragment on which the flame 
is thrown, is laid on a piece of charcoal, held by a pair of small 
forceps. When a very inteftse heat is required and the frag- 
ment is so light as to be blown (IB* by the air, it must be confined 
by making a small cavity in the charcoal support, into which 
the substance is put, and another piece of charcoal 13 placeil 
partly over it, so as to prevent its blowing away. 
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Fig. 9. A bottle for ascertaining the specific gratity 

of liquids. This is a very simple method. Take % 

small bottle with a long neck and weigh it accurately ; 

9 then put into the bottle 1000 grains by weight of distil- 

Oled water, and mark its height on the neck with a file. 
As distilled water is the standard by which the com- 
parative weights of other substances are known, the 
same bulk of any other liquidj^weighed at the. same tem- 
perature, will give its specific gravity. Thus suppose that on 
filling the bottle up to the mark at which the distilled water 
weighed 1000 grains, with sulphuric acid, this last should be 
£>and to weigh 1850 grains ; then the specific gravity of sul- 
phuric acid is to water, as 1850 to 1000, or nearly double. If 
filled up to the same mark with alcohol, it might weigh 800 
grains. The specific gravity of alcohol then would be 800, 
water being 1000 ; and so of any other liquid. The strength of 
proof spirits may be told in this w:;y. jo- 

y ^ ■ ■ - -^ The Cryophorus, or 

JC j^ y\ frosthearer, fig. 10, is an 

^n \) i^v^'^tio^ ^^ ^^' Wollas- 

^^ \y ton's. It consists of a 

tube of glass, terminated at each end with a bulb, one of which 
is half full of water. It is perfectly exhausted of air and her- 
metically sealed ; the consequence is that the water is always 
disposed to evaporate. This evaporation, however, does not 
proceed so fast as to freeze the water ; but if the empty ball be 
cooled by some artificial means, so as quickly to condense the 
vapour which arises from the water, the heat is carried off so 
suddenly by the evaporation, that the water freezes. This may 
be done in warm weather, and affords a very curious experiment. 
A bell glass receiver fig. 11, is of an indispensi- 
ble use in making experiments upon air, or the 
gases. It is a glass vessel of the shape seen in the 
figure. The knob at the upper part is for a han- 
dle, by which it is removed. It is used for confin- 
ing any kind of elastic fluid on which experiments 
are made. A large tumbler is a good substitute. 




9* 
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*fhe Dnrpping tt^e fkg, 12, is n glass fub^ blown into 
a ball in the middle. It is filled by putting the small end 
into the liqaid, and exhausting the air by sucking with 
the mouth at the other end. The thumb is then placed 
on the upper orifice, which keeps the liquor from running 
^ out. ■ On raising the thumb carefully the liquor is expel- 
led in drops. 

Obs. The ammoniacal gas cannot be collected and retained 
tn the usual way oYe water; because it is immediately absorbed 
by that fluid. This is also the case with several of the other 
gases. "Chemists are therefore obliged to make use of a mercu-^ 
Hal, instead of a water bath in experimenting on these gases. 

By the following method, such gases as cannot be retained 
by water, and are of less specific gravity than ihe atmosphere^ 
may be collected and submitted to experiment without the aid 
of a mercurial bath. • 

cs Take a flask a, fig. 13, put into it a mixture of equal 

f \ parts of slacked quicklime and muriate of ammonia, 
both separately reduced to a fine powder. Adapt to 
the mouth of the flask a cork, pierced with a hot iron, 
with a glass tube 10 or 12 inches high, passed through 
the aperture. Invert over the tube the bell*glass h in 
such a manner that the upper extremity of the tube 
reaches the bottom of the receiver. Then apply to 
f^ the bottom of the flask the heat of a lamp. 

The ammoniacal gas will be produced, in conse- 
quence of the combination which takes place between 
the muriatic acid of the muriate of ammonia and the 
quicklime ; this sets the ammonia at liberty, and be- 
ing lighter than atmospheric air, it rises up, expels 
the air from the bell glsss, and graduaUy takes its place. 
Experiments may be made on it by introducing othet gases up 
into the receiver in the same way. 

GAS APPARATUS. 

Fig. 14. The method of 
making experiments with 
permanently elastic fluids, 
or gases, though simple, 
requires some directions. 
We live immersed in an 
atmosphere not differing 
greatly in density from 
these fluids, which for this 
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reason are not sufficiently ponderoos to be detained in open 
vessels by their weight. The figure represents a wooden ves* 
sel, or tub ; k, k, k, is a shelf fixed in the tub a few inches from 
the brim. 

When this apparatus is to be used, the tub is filled with wa- 
ter to such a height as to rise an inch or two above the shelf; 
6,^,/, are glass jars inverted, or turned mouth downward, 
which rest upon uie shelf. Ifthese^or any other vessels open 
only at one end, be plunged under water, and then inverted, 
they will remain full notwithstanding they are raised out of the 
water, provided their mouths be kept under it : for in this case 
the water is sustained in the vessel by the pressure of the at- 
mosphere, in the same manner as the mercury is in the baro- 
meter. 

It may without difficulty be imagined that if common air, or 
any other fluid resembling common air in lightness, be suffered 
to enter these vessels of water from the bottom, it will rise to 
the upper part of the vessel, and displace the water. If a bot- 
tle or cup, or any other vessel, in thai state which is usually 
called ^mpty, though, it is really full of air, be plunged into the 
water with its mouth downward, scarce any water will enter, 
because its entrance is opposed by the resistance of the included 
air ; but if the vessel be turned up, it immediately fills, and the 
air rises in one or more bubbles to the surface. Suppose this 
operation to be performed under one of the jars which are filled 
with water, the air will ascend as before ; but instead of escap- 
ing, it will be detained in the upper part of the jar. 

In this manner therefore, we see, that air may be emptied out 
of one vessel into another, by an inverted pouring, in which the 
air is made to ascend from the lower vessel i to the upper one g. 
This is owing to the pressure of the water on the air, or the 
lightness of the air, when compared with water. Thus a leaden 
bullet sunk to the bottom of a vessel of quicksilver will rise to 
the surface. The gas with which balloons are filled is lighter 
than common air, and therefore rises through it. 

The reason why water will keep its place in the bottom of a 
vessel, is because it is heavier than air. Oil will rise through 
water, dz>c. When the receiver has a small neck, the air i? 
poured through a Funnel. 
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The Differential Thermometer, fig. 15, is designed 
to show the difiereace between the temperature of 
two places, at small distances apart. It consists of 
a glass tube of fine bore terminated at each end with 
a bulb, and bent into the form of the letter tF. Some- 
times it is made with one side longer than the other, 
as in the figure, and perhaps this is the most con- 
venient construction. The tube is partly filled 
^ with some coloured fluid, as sulphuric acid tinged 
with carmine, or alcohol tinged with cochineal. 
The bulbs and a part of the tubes are filled with 
air. 

It will be obvious from the construction, that thii 
instrument cannot indicate the temperature of the 
atmosphere, or of a room as the common thermome- 
ter does ; since an equal expansion of the air in both 
the bulbs would press equally on the fluid in both the tubes, 
and consequently it would rise in neither. But if one of the 
bulbs is exposed to a higher temperature than the other, then 
the expansion of the air in this, would be greater than in the 
other, and consequently the fluid would rise towards the bulb 
where the air was least expanded. 

The use of the instrument, then, consists in showing the dif- 
ference of temperature to which the two bulbs are exposed, as in 
experiments on the radiation of heat, hereafter desc?:ibed. The 
scale affixed to one of the legs, shows the rise of the fluid in de- 
grees. The legs of the instrument may be from two, to four, or 
five inches high, and the bulbs an inch or a little less, in di- 
ameter. The stand to which it is fastened, may be of glass, or 
wood. 




FARENHEIT'S THERMOMETER. 



^ 



rv^^^ 



'wwwvvwn' mw 



Boiling point of fVater, 212. 



Fretztng point of fVater^ 8S. 



This is used to ascertain the actual temperature of the sur- 
rounding atmosphere, or of fluids. It consists of a hollow tube 
of glass, hermetically sealed, and at one end blown into a globe. 
This is filled with mercury, which also fills a part of the tube. 
The mercury expands with an increase of temperature^ and 
again contracts with its decrease* 
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If.tfaerefore, its bulb be plunged into hot water, the mercury 
rises in the tube ; if it be plunged into cold water, it sinks, and 
thus indicates the difference of temperature between the two 
bodies. The scale to which the tube is affixed, shews the de- 
grees of heat from zero, 32 deg. below the freezing point, to 
§12 deg. the boiling poiiit. 

A Lamp furnace, fig. 16, consists of 
^ M a brass, or iron rod, screwed to a foot 

of the same metal, or to a piece of plank 
loaded with lead On this rod slide 
three or four brass sockets, into which 
are screwed strait arms, terminated with 
brass or iron rings, of different diame- 
ters. The screws cut on the ends of 
these arms, where they go into the 
sockets are all of the same size, so that 
the rings may be changed from one 
socket to the other. These rings serve 
for supporting glass alembics, retorts, 
Florence flasks, gas bottles, &/C. for 
perforq^ing distillations, digestion, eva- 
poration, &c. By means of a thumb 
screw, passing through one side of each 
of the sockets, and acting on the rod, 
the rings may each of them, be set at 
different heights, or turned aside, according to the pleasure 
of the operator. The length of the rod is about three feet, and 
the diameter of the largest ring about four inches. The lamp 

is also fixed to a socket, so that 
the heat can be regulated by 
sliding it up or down. 

Description of the Aphlogistic 
or Flameless Lamp, In the con- 
struction of this Lamp, the object 
is to keep a coil of wire in a 
state of ignition, without either 
flame or smoke. 

The principle on which it is 
constructed involves two condi- 
tions, which are absolutely requi- 
site, viz. that we make use of a 
combustible substance which eva- 
porates at a low degree of beat; 
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and a metal which is a bad conductor of caloric. For the cou^ 
bustible, alcohol seems best suited to this purpose. Stdphuric 
ether^ aside from its high price, and disagreeable smell, I have 
fK)metinfies found to fail j the ignition ceasing without any ol> 
rious cause. 

In regard to the metal, gold and silver, both fail in conse- 
-ijuence of the rapidity with which they conduct cabric. Sil- 
ver, too, would soon be destroyed by the intense heat. Iron, 
although so bad a conductor, as to remain ignited for a time, 
soon fails, being converted into red oxide. Platina seems to 
be the only metal adapted to our purpose, being a slow con- 
ductor of caloric, and not easily oxidated at the highest temper- 
atures. 

This is to be drawu into wire of 56-100 or 60-100 of an inch 
in diameter, being about the size of card, or brass wire, 
No. 26. Experience has shown that this size succeeds better 
than any other. If larger the heat is carried off too fast, and 
the ignition ceases. If much finer, it does not retain sufficient 
heat at the lower part of the coil to keep up the evaporation of 
the alcohol from the wick. 

The coiling of the wire, and tke adjustment of the wick, are 
the most difficult parts of the construction. 

The coil A. is made by winding the wire round a piece of 
wood, cut of the proper size, and shape. The size is to 
be determined by the bore of the glass tube,* allowing for the di- 
ameter of the wire. The shape is plane cylindrical in that part 
which enters the tube, as seen in the figure. 

The diameter of the coil is about one-sixth of an inch where 
if enters the tube. Its length half an inch, or a little less, con- 
taining from twenty to thirty turns of the wire. The projec- 
tion above the tube is about one half of the length. 

B. Is a glass tube, containing a cotton wick, which by ca- 
pillaiy attraction carries the alcohol up to the platiaa coii. 
The length of this is is arbitrary, being from one to three or 
four inches. The bore is about the sixth of an inch, so as 
barely to admit the coil. The wick, consisting of eight or ten 
threads, is first drawn through the tube, and then introduced 
about half way into the coil, so as to come even with the top of 
the tube. This requires very nice adjustment. If the wick 
is too high, the wire is rapidly cooled by the alcohol, and igni- 
tion ceases in a few moments. If too low, the evaporation by 
the heat of the wire is insufficient. If, however, the other parts 
are well constructed, a few trials wilt ensure success. 

C. Shows the lamp complete. The body of it is a low vial, 
or inkstand, capable of holding about two ounces of alcohol. It 
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is stopped accurately with a cork, which is covered, for orna- 
ment, with tin foil. The aperture for admitting the tube and 
wick is made with a hot iron. 

D. Is a small tube through which the alcohol is poured. 
A dropping tube is convenient for this purpose, but a small fun- 
nel is easily made by cuting off an inch of the neck of a broken 
retort, into which is pushed a cork,^nd through this a small 
quijl. 

When the lamp is completed and charged, the alcohol is in- 
flamed by holding the coil in the blaze of a candle. After let- 
ting it burn for a few minutes; the flame is blown out, when, if 
every thing is properly adjusted, the wire^ will continue red hot 
until the alcohol is exhausted. 

This lamp, though one of the most curious inventions of the 
age, is not merely a curiosity. The faciljity and certainty with 
which, by means .of a match, a light may be obtained from it, 
constitutes its utility. The proper matches for this purpose are 
prepared by dipping the common brimstone matches into a 
paste made by mixing two parts of white sugar with one part of 
chlorate (oxymuriat) of potash. The red French matches are 
of this kind, and answer the purpose completely. 

In cases where a light might be wanted, but a constant one 
wpuld be offensive, this lamp might be a great convenienc ; a 
Hght being immediately obtained by merely touching a match 
to the platina coil, and then to the wick of a candle. Physi- 
cians or others who are liable to be called up in the night would 
also find it convenient. 

LUTES. 

Any substance made use of for closing the junctures of chem- 
ical vessels, is called a lute. 

When the substance distilled has no corrosive property, a 
piece of bladder, cloth, or paper, spread with plain paste may be 
tised. For corrosive substances, the fat lute, made of pipe 
^ay and linseed oil, or common putty is used. 

Where a coating for a glass vessel is required, common clay 
0r loam, mixed with sand, and a quantity of cut tow, well beat 
together with a Amall quantity of water answers well. For a 
stopping between retorts and receivers, a strip of cloth wet 
with water and wound around the neck of the retort in some 
cases is sufficient. Where there is no heat, bees-wax softened 
asd spread on cloth, makes one of the best lutes. 
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FORMS OF MATTER. 

4. There are three general forms under which 
all known bodies exist : viz. under the form of sol- 
ids, liquors, or of elastic fluids. 

Dtf. Solids are such bodies as resist the impulses of oth^ 
bodies. In solids the attractive forces of the particles predom- 
inate ov^ the repulsive povrer of caloric. Their particles co- 
here so as to preserve them in masses, which have length, 
breadth, and thickness. Their hardness depends on the force 
of cohesion among their particles ; hence some solids are much 
harder than others. 

6. Almost all known solids can be converted 
into liquids, and many of theju into elastic fluids, 
by being submitted to high temperatures. 

Ulus, The heat produced by professor Hare's compound hlovh 
pipe, is so intense as to fuse with one or two exceptions, every 
substance submitted to its power. Several substances former* 
ly considered as infusable, are by this means converted into 
vapour. 

Def. Liquids are bodies possessing considerable density, 
without the power, in an uncpniined state, of resistiiig.eztenuLl 
impressions. 

6. In liquids the attractive and repulsive forces 
may be considered as equal, and therefore their 
particles, although so near each other as to give 
them considerable specific gravity, are still so far 
apart as to permit them to move among each 
other on slight impressions. 

Obs. Most of the known fluids become sdids by the ab* 
straction of caloric, or what is the same thing, by exposure to 
intense cold. 

I2lus. MercUry becomes a solid, maUeaUe metal at 40 d#* 
grees below the zero of Farenheit. Ether becomes solid, and 
shoots into crystals at a certain degree of cdd, and atcoliol i^ 
aaid to have been j^zen, &c. 

Def. Elastic, or aeriform fluids, are such substances, at 
possessing little specific gravity, may easily be compressed into 
lesser bulks, but regain their former dimensions wheneTer the 
pressure is removed. 
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7. The permanent elasticity of aerifonn fluids 
is owing to the repulsive power of caloric, with 
which their bases are chemically united, and 
which constitutes a part of their composition. 
In these substances, the repulsive, predominates 
over the attractive forces of their particles, as the 
attractive does over ihe repulsive forces of solids. 

Obs, 1. It fellows from the above considerations that solid- 
ity, Jluidity, and gasiety, are only different states, of substan^ 
ces, and that they may be changed from one to the other 
without any change of composition. It is true that no degree 
of pressure, or cold has ever been known to condense the 
particles of an aeriform body, so that their attractive forces 
•hould overcome those of repulsion. But we know that by 
mechanical approximation of these particles an immense evo- 
lution of heat is produced, which is a convincing proof that 
their gaseous state is dependent on that repulsive power. 

2. We already possess the means of converting nearly every 
known solid into the liquid state, and with perhaps, a single 
exception, every known liquid into the solid state. It is most 
probable then, that were our earth removed to a certain dis- 
tance from the sun, all liquids, together with our atmosphere 
itself, would become a sc^id body, and were it to approach the 
sun, that the solids of which it is composed would be reduced 
to thin and invisible air. 



OF SIMPLE SUBSTANCES. 

8. By simple, elementary, or primary substan- 
ces* is meant all such as have not been decompos- 
ed, or separated into simpler forms of matter, and 
which no phenomenon, hitherto observed indicate 
to be compowids. 

Obs. It is probable that many, if not all the substances, which 
in the present state of knowledge, are considered as simple, 
wiU 4iltimately ]^^e4o be compeunde ; there are already strong 
giounds for believing that some of them are so ; but chemied 
writers have a^eed that every substance which has not been ac* 
tsail J decomposed should be considered as simple, whatever 
reasons there might be for believing it otherwise. 
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9. The number of substances considered a^ 
simple, amount to nearly sixty. Amongthese are 
heat^ Ught^* electricity and magnetism. These are 
called imponderable agents. The others which 
amount to fifty-three in number, can be subjected 
to weight and measure, and are called ponderable 
bodies. 

The ponderable bodies admit of the following classifications 
and divisions. 

CLASS I. 
Substances capable of uniting with metallic, or 
combustible bodies, and of either forming oxides^ 
or effecting their combustion. 

Oxygen, 

Chlorine, 

Iodine. 

CLASS IL 
Substances capable of uniting with oxygen, and 
forming with it various compounas* 
DIVISION I. 

Gaseous bodies. 
Hydrogen, forming water. 
Nitrogen, forming nitric acid. 

DIVISION n. 
Fixed infusable bodies. 
Carbon, forming carbonic acid. 
Boron, forming boracic acid. 

DIVISION III. 
Fusible, and volatile solids. 
Phosphorus, forming phosphoric acid^ 
Sulphur, forming sulphuric acid. 

CLASS III. 
Metalic bodies capable of uniting with oxygen 
and of forming oxides^ alkalies^ earths^ or adds. 



* In another place the pupil will find directions for decomposing the 
rajrs of light. This refers merely to the separation of its colours by the 
pnsm. In a chemical sense, this is not decomposition, since neither new 
combinatioos are fbrmedi nor new substances obtained. 
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DIVISION I. 

Comprehending such metallic bodies as are capable of form- 
ing by their union with oxygen, oxides, earths, or alkalies. 
SUBDIVISION I. 
Metals forming witb oxygen, ordinary metallic oxides. 



Gold, 


Lead, 


Palladium, 


Titanium, 


Platina, 


Cadmium, 


Manganese, 


Wodanium, 


Silver, 


Nickel, 


Cobalt, 


Uranium, 


Copper, 


Tin, 


Cerium, 


Tellurium, 


Iron, 


Zinc, 


Osmium, 


Iridium. 


Bismuth, 


Rhodium, 







> Earthly bodies with me- 
j tallic bases. 

■| ■ 

Earthly bodies of doubt- 
ful characters. 

3 



SUBDIVISION II. 

Metallic bodies forming ear^As with oxygen. 
Calcicum, forming lime, 
Barium, forming barytes. 
Strontium, forming strontites, 
Magnium, forming magnesia, 
Silicium, forming silex, 
Aluminum, forming alumine, 
Ittrium, forming ittria, 
Glucinum, forming glucina, 
Zirconium, forming zirconia, 
Thorinum, forming thorina, 

SUBDIVISION m. 
Metallic bodies forming alkalies with oxygen. 
Potassium, forming potash. . 
Sodium, forming soda. 
Lithium, forming lithia. 
Ammonium, forming ammonia. 
DIVISION II. 
Comprehending metallic bodies capable of forming acids by 
their union with oxygen. - 

Tungsten, forming tungstentic acid. 
Arsenic, forming arsenic acid. 
Chromium, forming chromic acid. 
Columbium, forming columbic acid. 
Antimony, forming antimonic acid. 
Selenium, forming selenic acid. 
Molybdenum, forming molybdic acid. 
Ohs. This catalogue contains all the substances which at 
the present day are considered as primary, or simple ; and they 
are arranged here merely as such. The Arst and second class- 
es, and the first subdivision of the third class may be consid- 
ered, in the present state of knowledge, as an exhibition of 
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facts. The second subdivision of the third class is chiefly 
ciMnposed of articles of doubtful, or even of conjectural charac- 
ters, their claims to be ranked as metals, being chiefly from 
their analogy to substance of known metallic bases. Among 
the number, lime, barytes, and strontites only, hare exhibited 
direct proofs of their metallic bases. The others, as being 
earths, also, and as having most of them exhibited some signs 
of a metallic nature, have on these accounts been arranged by 
late writers on chemistry with the metals. Of the three arti- 
cles under the third subdivision, of the third class, two of them 
sodium potassium have been known and recognized as metal- 
lic bodies for a series of years. Lithium is of more recent 
discovery, and as a metal has not been exhibited in a state of 
purity. 

IMPONDERABLE AGENTS. 

10. The imponderable agents are heat, light, 
electricity and magnetism. They are so called to 
distinguish them from substances which have ap- 
preciable weight. 

OF HEAT OR CALORIC. 

11. Heat is the sensation which one feels on 
touching a body hotter than the hand. This sen- 
sation is caused by the passage of caloric from the 
hotter body to the colder. Thus caloric, is tfee 
cause of the sensation called heat, and heat is the 
effect of the passage of caloric, or the matter of 
heat^ into the hand, 

Obs. One of the most obvious and universal properties of 
heat, is its disposition to seek an equilibrium, or to pass from 
the hotter body to that which is colder. 

lUus, 1. If two bodies of different temperatures be placed in 
contact, or near each other, the one whose temperature is the 
kighest constantly throws off heat from its surface, which is ab- 
lK>rbed by the other, until the colder body has gained, and the 
lK>tter body has lost, a quantity of caloric, which bring them 
iolh to the same temperatures. 

2. If two thermometers graduated exactly alike 
Ibe placed at a distance irom each other in the 
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open air, they will both indicate the same de- 
grees of heat. 

CoroUary, Caloric has the power of pervading all substances, 
and of equalising their temperatures. 

12. Caloric may exist in two different states, 
viz. in a state of freedom^ and in a state of combifia" 
Hon. In the former state it is capable of exciting 
the sensation of heat, and of enlarging the dimen- 
sions of bodies. In the latter state it neither ex- 
cites sensation, nor produces obvious effects on 
substances. 

13. Whenever we experience the sensation of 
heat, on touching a hot^ body with the hand, that 
body contains caloric in a state of freedom^ other- 
wise it coidd not pass into the hand. 

Obs, What in common language is me9.nt by heat, is always 
free heat, since its other modification neither excites sensation 
nor aflfects the temperature of bodies. Thus a ted hot ball of 
iron contains a large quantity of free heat. 

14. Combined caloric, also called latent heat, 
neither affects sensation, the magnitude of bodies, 
nor the thermometer. A knowledge of its exis- 
tence therefore is acquired by experiments only. 

Ols, Combined caloric becomesyrcc under circumstances to 
be mentioned hereafter. 

OF FREE OR UNCOMBlN^D CALORIC. 

15. Caloric, as a chemical agent, may be con- 
sidered in two relatione, viz. as the opposing 
power to cohesion, and as causing or increasing 
the elasticity of bodies. 

16. As the antagonist to the cohesive attraction, 
or that power which keeps matter in masses, the 
effects of caloric, are to cause the particles of sol- 
ids to repel each other, so as to overcome their 
natural attractions. When this takes place the 
particles easily slide over each other, and the boI- 

3* 
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id becomes a fluid, as in the fusion of metals, mel- 
ting of ore, &c. 

Ohs, As the caloric passes out of a fused substance as a me- 
tal, the particles gradually approach, so as to regain the sphere 
of mutual attraction. Thus from a fluid, the metal, as it cools 
becomes a semifluid, or soft solid, and when the repulsive pow- 
er of the heat is so weakened, by its loss, that it is completely 
overcome by the attraction of the particles, then the metal be- 
comes soIidL as before. The forging. of iron depends on this 
principle ; its particles being so far separated by the heat, as to 
move among themselves by the blow of the hammer. 

17. As causing, or increasing the elasticity of 
bodies, caloric combines with the particles of some 
substances5^so as not only to destroy their cohe- 
sion, but so as to throw them completely beyond 
the sphere of each other's attraction, 

lllus. In all the permanently elastic fluids, as the atmos- 
phere, and the gases, the substances of which these bodies are 
in part composed, are united to, or dissolved in, such proportions 
of caloric as completely to prevent their particles from coming 
within the sphere of mutual attraction. On this circumstance 
their permanent elasticity depends ; nor has the most powerful 
compression to which they have ever been submitted, brought 
their particles near enough to each other to feel the attractive 
influence. 

On the contrary, the particles of those substances repel each 
other at indefinite distances. Thus the receiver of an air pump 
may be considered as full of air if it contains the least quantity, 
because as a part is removed, what remains instantly expands 
and fills its place, and this takes place until a perfect vacuum is 
formed. 

It is on this principle that a celebrated writer has calculated, 
that if the pressure of the atmosphere could be removed, a cubit 
foot of air on the surface of the earth, would fill all the space 
between us and the fixed stars. 

OF THE EXPANSIVE POWER OF CALORIC. 

18. In general, all bodies are expanded by an 
increase of temperature, and contracted by its 
diminution. The ratio of expansion, however, dif- 
fers greatly in different substances. Thus liquids 
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expand by the same degrees of heat much more 
than solids, and aeriform bodies most of all. There 
is a difference also in the same class of substan- 
ces. Thus by the same increase of heat, one solid, 
or one fluid expands more than another. 

lUus, On making experiments on the expansibility of all the 
malleable metals, and many of their alloys, it has been ascer- 
tained that no two of them expand equall]^ when submitted to 
equal increments of heat. 

Exp, I. Fit to a bar of iron or large iron wire, a ring of me- 
tal so that the bar will just pass through it when cold. Then 
heat one end of the bar, or wire, and it will not pass through 
the ring. 

2. Enlarge the ring, so that the iron will pass it when red 
hot. Then take a bar of copper of the exact size of the iron 
when cold ; heat this red hot and it will he found too large to 
pass the ring. 

Cm^oL The metals are expanded by heat, but some of them 
more than others. 

\%. The same increase of heat expands some 
liquids more than others. 

Exp, Take two glass tubes terminated at one end 
by large bulbs ; fig. 17, fix a mark about halfway up 
the tubes, and at the same height on each ; fill one of 
them up to the mark with water, and the other with 
ulcohol ; Then place the bulbs of both in the same 
vessel of boiling hot water. Both of the fluids ex- 
pand and rise up in the tubes, but the alcohol 
rises about twice as high above the mark as the water. 
20. The expansibility of aeriform bodies 
' of different kinds, is in the same ratio, at 
equal increments of caloric. 

Ohs, The degree of expansion which a body of this kind un- 
dergoes, is equal to 1-483 parts of its bulk for each degree of 
Fahrenheit, between the freezing and the boiling points. • 

Exp, 1. The expansion of air may be shown by partly fillitig 
a bladder by blowing into it ; then tying the mouth so that none 
of It can escape, and holding it near the fire. The bladder soon 
becomes distended, and may be burst with an explosion by con- 
tinuing the heat. 
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2. A more elegant experiment is, to take a 
glass tube terminated by a bulb, and fill the 
tube about half way with water. Then im- 
merse the end of the tube in a vessel of wa- 
ter, fig. 18, and apply heat to the bulb. As 
the heat rarifies the air, the water will be seen 
to descend in the tube. 

2 1 . When we approach an ignited 
body, we become sensible that it 
emits caloric without touching it ; 
and if a thermometer be carried 
near it, this indicates an increase of temperature. 

Ohs, The caloric thus imparted is called radiant caloric. It 
is not conducted^ but passes through space independently of 
other matter with amazing velocity. Thus the sun radiates his 
heat to the earth at the rate of two hundred thousand miles in 
a second. 

22. Radiant caloric, like light, is reflected by 
polished surfaces, and in respect to the angles 
of incidence, and reflection, it follows the same 
laws. 
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Exp, Provide two circular concave tin mirrors, fig. 19, of 
al)0ut 10 or 12 inches in diameter, and two inches deep. They 
are made by planishing the tin with a round faced polished 
hammer, and afterwards made as bright as possible by rubbing 
with buckskin and whiting. They may be supported in the 
perpendicular position by having slips of tin soldered on their 
backs, and then fastened to wooden stands. 

Place the mirrors, being both of the same height, on a table 
opposite to each other, and aboi|t 10 or 12 feet^part. Place a 
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•creeB, madeof ptper or boards between then. In the focus of 
one mirror set the bulb of an air thermometer, or what it bet- 
ter, the differential thermometer, and in the focus of the other 
a cannon ball heated below redness* When every thing is 
ready, remove the screen, and the thermometer will immediate- 
ly indicate an increase of temperature. 

By having the ball red hot, and placing the mirrors nearer 
each other, and substituting gunpowder for the thermometer, a 
very striking experiment may be witnessed. When every thing 
is prepared in this way, remove the screen, and the powder 
flashes. 

Ohs, In these experiments the caloric flows first from the hot 
ball to the nearest mirror, which reflects it in parallel rays to 
the other mirror, by which they are again reflected, and concen- 
trated upon whatever is placed in its focus. 

23. The surfaces which are best adapted to 
the reflection of caloric, do not reflect light equally 
well. 

Exp, On holding before a blazing fire, a glass mirror, it re- 
flects most of the light, while the heat is reflected in a very 
small proportion, and the mirror soon becomes hot. On the 
contrary, if a metallic mirror be substituted in place of the glass, 
it will reflect a great proportion of the heat, but less of the light, 
and will remain cold. 

24. The nature, or colour, of the surface of bo- 
dies has an important influence over their power 
of radiating caloric. 

Ittus* The rate at which bodies cool, so far as their surfaces 
are concerned, seems to be in an inverse ratio to their polish, or 
brightness. Thus metallic vessels with polished surfaces retain 
heat longest ; if they are tarnished by handling, or if the polish 
be destroyed, or if they are painted, the rate of cooling is increas- 
ed ; and this in direct proportion as the surface varies from a 
polish, or approaches towards a black colour. 

Exp, Take a cannister of tin forming a cube of about six 
inches. Let a spout be made on one side for pouring in water. 
Paint one side of the cube black ; destroy the polish of another 
side with sand paper ; tarnish the third by rubbing on quicksil- 
ver, and leave the fourth bright. Then fill the vessel with boil- 
ing water and set it in the focns of one of the mirrors and the 
air thermometer in the other, as in the experiment to prove the 
radiation of caloric; When the bright side is turned towards 
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the nearest mirror, the thermometer in the focus of the other, ii 
scarcely affected ; when the tarnished side is turned towards it, 
the thermometer shows that the radiation is increased, when the 
hiack side is turned towards it, the fluid rises rapidly. The 
difference between the bright and black sides are so great as to 
be perceptible to the hand. 

CONDUCTORS OF CALORIC. 

25. Solid bodies conduct caloric in all direc- 
tions ; upwards, downwards, and laterally. 

Exp, Hold a rod. of iron obliquely over a lamp or furnace, and 
it will be heated both above and below the fire. 

26. Some bodies conduct caloric much more 
rapidly than others. 

Exp, Coat with wax the ends of two rods of the same size, 
and length, one of glass and the other of iron, or any other me- 
tal ; then place the uncoated ends in a vessel of boiling water. 
The wax on the metallic rod will be melted, while that on the 
glass remains cold. 

27. Liquids, and elastic fluids, do not conduct 
caloric, but convey it by changing the places of their 
particles. 

Illus» That portion of the fluid which is nearest the source 
of heat, is expanded, and rises up, carrying with it a quantity of 
caloric, while that portion which is colder descends, and in its 
turn, is heated and rises, while another portion descends, and 
thus the process goes on as long as the fluid is capable of imbib- 
ing heat. 

Exp. 1. Take a tall glass jar, or vial, and nearly fill it with 
cold water, and put into the water some particles of amber, or 
any other substance about the specific gravity of water ; then 
immerse the jar in a vessel of boiling water. The motion of 
the particles of amber will show two currents in the jar, one up- 
wards, along the sides where the heat is greatest, and one down- 
ward, in the centre. 

2. Take a glass tube, 10 or 12 inches long, closed at one 
end, and put into it an inch or two of coloured water, and then 
fill the tube by carefully pouring in common water by means of 
a dropping, so as to keep the two strata quite distinct If now 
the upper end of the tube be heated, the water may be made to 
boil at this part, while the two strata at the bottom remain un- 
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disturbed. But if the tube be aflerwards heated at the bottom, 
the coloured j9uid will rise up and tinge that above it. 

OF COMBINED, OR LATENT CALORIC. 

28. When a solid is converted into a fluid, or a 
fluid into the aeriform state, a quantity of caloric is 
absorbed, which is not appreciable by the thermo- 
meter, nor sensible to the touch. This is called 
combined or latent caloric. 

Ohs, The quantity of caloric absorbed by melting ice, is much 
more than can be accounted for by the corresponding difference 
between the temperatures of the ice and the water, as indicated 
by the thermometer, or by sensation. A quantity of caloric, 
then, is absorbed by the melting ice ; combines with the water, 
and forms a part of it. Thus water is a compound ^of ice and 
caloric. But the caloric is so confined by its intimate union 
with the water, as not to be given out dtiring its liquid state, and 
consequently it cannot excite sensation. The following expe- 
riment will illustrate this fact. 

JSxp, Expose a pound of water at 32 deg. and a pound of ice 
at 32 deg. in a room the temperature of which is 60 deg. and 
uniformly the same during the experiment. Place the bulb of 
one thermometer in the vessel of water, and another in that 
containing the ice. The thermometer in the vessel of water 
will very soon begin to rise, and will gradually reach the tem- 
perature of 60 deg. while that placed in the ice will steadily 
continue at 32 deg. for several hours, or until the ice is entirely 
converted to water ; it will then begin to rise, and from this 
time it will take just the same number of minutes, for the water 
in this vessel to reach the temperature of the room, as it did in 
that at the beginning of the experiment. 

Ohs, Although during this experiment the ice remained at 
d2 deg, yet it must the whole time have been absorbing, caloric, 
because a colder body cannot be in contact with a warmer one, 
without receiving caloric from it. The caloric, therefore, which 
turned the ice into a liquid, or caused its fluidity remains fixed, 
or latent in the water. 

Corol. The fluidity of water is owing to a quantity of caloric 
which it contains in a latent state. 

29. During the conversion of liquids into steam 
or vapor, cfidoric is absorbed* 
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Exp. Moisten the bulb of a thermometer with ether, ftn^ ex^ 
pose it to the air. The mercury will sink/and by repeating it, 
especially if the evaporation be increased by an air pump, it will 
sink down to the freezing point in warm weather. 

Coroh Ether requires caloric to convert it into vapor ; a 
part of which it absorbs from the bulb of the thermometer. 

Ohs, In all cases of evaporation caloric is absorbed. 

30. Steam contains a large quantity of caloric, 
in a latent state. 

Exp. Let a pound of water at 212 degrees, and eight pounds 
of iron filing at 300 degrees be suddenly mixed together, a 
large quantity of steam will be instantly generated ; but the 
temperature of the mixture will be only 212 degrees, nor will 
the temperature of the steam be higher than this. 

Corol The steam therefore must have contained in a latent 
state all the caloric which the eight pounds of iron contained 
over 212 degrees, since neither the mixture nor the steam was 
of a higher temperature than this. 

Obs. From the experiments of Dr. Black, a^d others it has 
been calculated, that steanf contains near 1000 degrees of heat 
in a latent state, and consequently over, and above what is 
indicated by the thermometer. 

31. When liquids, or elastic fluids pass from a 
rarer, to a denser state, caloric is evolved. 

JBus. When water freezes it gives out caloric which kepi 
it in tte fluid state, otherwise it cannot become a solid. Dhr. 
Black has long since calculated that ice, in becoming fluidi 
absorbs 140 degrees of calorie which remains lat^it in th^ 
water ; this quantity of caloric must therefore be evolved, inde* 
pendently of what the th^mometer indicates, before the liquid 
can become a solid. 

Obs. 1, That the water gives out heat when it freezes is 
(hown by the following experiment. 

Exp, Put some water into a thin glass vessel, and surround 
it with a freezing mixtore, or expose it tp intense cold in wmn 
ter, i the vessel having a small thermometer in it,) keep the 
vessel perfectly stilt, and the Ihermometer wUl sink several de* 
grees below the freezing point ; if now the vessel be shaken^ 
the thermometer will rise up to 32 degrees, and the waiter 
freezes. Many other experiments sbow that the water give* 
out heat as it becomes s<^id. 

The evolution of caloric by the condensation of w elastic 
fluid is shown as follows. 
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Exp. Take a metallic tube, fig. 520, stopped atv one 
end, and five or six inches long^ the bore being less 
than half an inch wide. Fit it to a piston and li^ndle, 
the piston being air tight. Have the lower end of the 
piston excavated so as to put in a little tinde/. 

If the piston be forced quickly down nearly to the 
bottom, the compression of the air produces so much 
heat as to set fire to the tinder. In this way a fire may 
be readily kindled. 

OF SPECIFIC HEAT. 

32. Equal weights of the same substance at the 
eame temperature, contains the same quantities of 
caloric. jBut equal weights of different substan- 
ces at the same temperature contain unequal 
quantities of caloric. The quantity of caloric 
whicdi one body contains, when compared with 
what another ccmtains is called speeifie eahric. 
When one body of equal weight contains more 
than another, that body^ which contains the most is 
said to have a greater capacity for eahric than the 
other. 

O&f. We should BQ{^MM», did mt eiqperiment ieack tbe con* 
tvary, thst eqad weig^of SBSftter, of whatever kind j^aced in 
Sesame room, snd under tke same ^ircumatanees, would 
cootaki the same quvitkies oi heat. This bowever proves not 
to be the ease. 

Exp. 1. Mix a pint of water at IM degrees, with «QotJher 
fxaX at 49 degress, and thr temperatore of &e mixture will not 
vary much from 70 degrees/ which is the arithoieticai mean. 

Cord. Equal weights of the same substance at the same 
temperature coDtaio equal quantities of cak>ric. 

Exp, 2. Mix a pint of quicksilver at 100 degrees, with a pint 
of water at 40 degrees, and the resulting temperature will not 
be 70 degrees, as in the last experiment, but only 00 degrees. 

Ohs, However unexpected the result might be, this experi* 
ment proves that a pint of quicksilver, although it weighs about 
fifteea times as much as the same bulk of water, does not ccm- 
tain so much caloric, fxk the othir experioient one pint of w«^ 

4 
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ter at 100 degrees raised the temperature of another pint at 40 
degrees up to 70 degrees, but here a pint of quicksilver at the 
same temperature raises the heat of the same quantity of water 
to only 60 degrees. The quicksilver looses 40 degrees, being 
100 degrees when the experiment began, which nevertheless 
raises the temperature of the water 20 degrees. This shows 
that it takes a greater quantity of caloric to raise the temper- 
ature of water through a given number of degrees than it 
does the same bulk of quicksilver. 

Obs, 2, If, instead of equal bulks of the water and mercury, 
we take equal weights the disparity will be still greater. 

Exp, 8. Mix a pound of water at 100 degrees with a pound 
of mercury at 40 ^degrees, and the heat of the mixture will be 
97 1-2 degrees, that is 27 1-2 above the arithmetical mean ; 
because when equal weights of water were mixed, the temper- 
ature was only 70 degrees. Here then the water has lost only 
2 1-2 degrees, while the same weight of mercury has gained 
57 1-2, the temperature of the mercury being only 40 degrees 
when they were mixed, while that of the water was 100 de- 
grees. 

Corol The' inference* to.be drawn from these expeiiments 
is, that water has a much greater capacity for caloric than 
mercury has ; because, by Uie first experiment equal weights 
of the same fluid at different temperatures produced an arith- 
metical mean ; but when the mercury is used instead of water, 
the temperature of the mixture is much higher than the arith- 
metical mean, therefore the water communicates more caloric 
to the mercury, than this does to the water^so that at the same 
temperature, water contains more cdoric tliah mercury ; in 
other words, it actually takes more caloric to raise the heat of 
water a degree, than it does the same quantity of mercury a 
degree, therefore the caloric which enters the water to raise 
it a degree, over and above what would have raised the mer- 
cury a degree, is contained in the water, and is given out agaiB 
when the water cools. • 

OP THE SOURCES OF CALORIC. 

33u The sources of caloric may be reduced to 
six, viz. the sun^ comlmstioih percussion^ fricHon^ nUx^ 
ture^ ^lA electricity. 

The SUA constantly radiates caloric to the earth, 
and is the great fountain of heat to us, and the 
whole solar system. 
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35. Combustion. This supplies the heat made use 
of in the arts, and for culinary purposes. It is giv- 
en out by the oxygen of the atmosphere, as it 
unites with the burning body, and supports its 
combustion. 

36. Percussion, It is well known that heat is 
produced by the percussion of hard bodies against 
each other. The evolution of caloric is owing to 
the temporary, or permanent condensation of the 
body struck, in consequence of which, the latent 
heat becomes free, or sensible heat, as already ex- 
plained in respect to fluids. 

Exp 1. Take a piece of soft iron, and strike it smartly sev- 
eral times with a hammer on an anvil. The iron becomes hot, 
and even red hot, if the experiment be ^ell conducted. 

Coroh The latent heat is forced out of the iron in conse- 
quence of the condensation produced by the blows of the ham- 
mer. 

Exp, 2. Strike a piece of hardened steel and a piece of flint 
aanartly together. Sparks of fire will be produced. 

Corol. The condensation produced by the percussion, for- 
ces out so much heat as to inflame the small particles of steel 
that are struck ofl*. . . 

37. Friction. Caloric is evolved, or produced 
by friction. 

lllus. The fViction of machinery, where the motion is rapid, 
frequently causes so much heat as to set wood on fire. 

Fires may be kindled by rubbing pieces of dry wood smartly 
together. 

The wheels of carriages, by turning rapidly on their axle- 
trees, sometimes evolve so much heat as to set them on fire. 

Obs. The principle on which caloric is produced by friction 
is not demonstrated. It cannot be referred to condensation, 
because the rubbing of two soft bodies together produces heat, 
when it cannot be supposed that their densities are increased, 
as on rubbing the hand on the coat sleeve, or on rubbing the 
hands together. Count Rumford, who made a laborious, and 
varied set of experiments on this subject, was led to conclude 
that the heat produced by friction, could not be connected 
with the decomposition of oxygen gas, nor with the increase of 
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density, nor could it be owing to any alteration in what is called 
the specific (5aloric of bodies. Others have also made experi- 
ments with a view to determine this question, but as yet no one 
has pretended to give any satisfactory^explanation of it. 

3H. Mixture. In a great number of cases, when 
two substances are mixed together, and enter into 
a chemical union, heat is evolved. This pheno- 
menon is explained partly on the principle of in- 
creased density, and partly on the supposition, that 
the two substances, owing to a different arran^e<» 
ment of their particles, have not the same capacity 
for latent heat when combined, as they had in a 
separate state. 

Exp, 1. Sprinkle water on unslacked quicklime. A tem- 
perature of ^M) degrees may be produced in this way. 

Obs. In this case one of the articles undergoes a great in- 
crease of density. The lime absorbs in slacking, a large quan- 
tity of watiar, which it retains, and which forms a part of its 
substance. The caloric, therefore, which is evolved by this 
eiq)eriment, is easily accounted for by the general law, that 
heat is given out whenever a substance passes from a rarer to a 
denser state. Here a fhiid is converted into a solid. 

Exp, 2, In a thin glass vessel, mix at once four parts of sul- 
phuric acid and one part of water. A»heat much above that of 
boiling water will be produced. 

Obs, On measuring the two fluids before they are mixed, and 
afterwards, it will be found that they have lost a part of their 
bulk by mixture. This is probably owing to the new arrange* 
ment which the particles of one, or both of the fluids take^ when 
they combine with each other, so that the evolution of caloric, 
may be accounted for on the same principle as in the last exper- 
iment. It is probable, also, that in both of these cases, there is 
a loss o^ capacity for caloric in one or both the substances, 

39. Electricity. Whenever two bodies in diifFerent 
electrical states are brought near each other, so as 
to produce a discharge of electric fluid through 
air, there is a flash of Tight attended with heat. 

Obs, The cause of this heat, according to the theory of Sir 
Humphrey Davy, (who considers the two electrical states as 
two distinct fluids) is the union of the two electricities, the posi- 
tive and negative. These fluids, while separate, says the theo- 
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rist, prodiiee do phenomena, but when they unite they lose their 
electrical pr6perties, and constitute heat. 

It is well known that the heat produced by a large galvanic 
battery, is more powerful than has been produced by any other 
means. 

LIGHT. 

Ohs. The properties of light, its laws of reflection and refrac- 
tion, and its effects on the sense of vision, are subjects belong- 
ing to the science of optics. Chemistry, however, claims an 
examination gf some of its effects, as being capable of produc«^ 
ing chemical phenomena. 

40, Light may be decomposed by means of a 
prism into seven primary colours. The heating 
powers of these different colours are different. 

JExp. Take a sensible air thermometer, and move the bulb in 
succession through all the different coloured rays, waiting at 
each one for the fluid to rise or fall. The thermometer will be 
found to indicate the greatest heat in the red ray ; next in the 
green, and so on in diminishing progression to the violet. 

Obs, When the thermometer is removed entirely out of the 
red rj^ys, but with its bulb still in the line of the spectrum, it 
rises higher than it does in the red rays. These heating rays 
are invisible, so that the prism has the power not only of sepa- 
rating the light into its primary colours, but also of separating 
the heat from the light. 

4h The prismatic rays of light differ in their 
power of illuminating objects. 

lUus. If 9n equal portion of each of these rays, one after the 
other, be made to illuminate a minute object, a printed page for 
instance, it will not be seen at the same distance, when illumin- 
ated by each. 

42. Light is capably of being absorbed by bo- 
dies, of remaining in them for a time and after- 
wards of being extricated unaltered. Such bodies 
are called solar phosphori. 

Ohs, A great number of substances are known to have the 
power of absorbing light, when exposed to the sun, and of emit- 
ting it again when carried into the dark. Most substances lose 
this property in a very short time, probably in consequence of 
the emission of all the light they had absorbed, but they recover 
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it again on ^zpoflttve to ftfae li^ht, and tkis may be t&pttted any 
number of times. Some particular compositions, hare the pro» 
perty of becoming so luminous in this way as to render minute 
objects visible in the dark. Canton's phosphorus is of this 
kind. It is prepared as follows. 

Exp, Take common oyster shells, and calcine them in a coal 
fire for an hour, then select the whitest, and purest parts, which 
are to be pounded and sifted. Mix three parts of this powder, 
with one part of the flowers of sulphur, and press the mixture 
into a crucible, which must be kept red hot for one hour. The& 
let the crucible cool, and select out the brightest and purest 
parts, which cork up in a dry well stopped vial. When this 
composition is exposed for a few minutes to the light ^yod then 
carried into the dark, it is sufficiently luminous to enable one to 
distinguish the hour by a watch. 

Obs. 1. The same property is possessed by several other 
preparations, as Baldwin's and Homberg's phosphorus, in a 
similar degree. It seems also that the diamond has this pro^ 
perty. Thus Du Fay, exposed one to the light and immediately 
covered it with black wax ; at the end of several months, the 
diamond shone in the dark. Sheets of white paper, snow, 
white linen, and many other substances of this colour, absorb 
and emit light, in a greater or less degree. 

2. The extrication of Hght is facilitated by exposing the solar 
j^sphori to an elevated temperature. Thus after Canton's 
phosphorus has ceased to shine in the cold, it will emit light oh 
being heated. Some substances, which do not otherwise give 
out Ught, evolve it, or hec^mke phosphorescent when heated. 
Fluate of lime is of this kind ; if some of it, in powder, be 
thrown on a hot shovel, it shines in the dark. Several kinds of 
orystalixed stones shine on being rubbed in the dailL : tremo- 
lite, and some i^cimens of quartz are of this kind. Loaf 
sugar, when mixed with whites of eggs and dried, as is done 
for the frosting of cake, gives out much light on being -snatch- 
ed with a sharp point. 

43. Light IS emitted during chemical changes 
independent of heat, or in wmch no heat is per- 
ceptible. 

inus. Particular marine animal^ emit light both in the living 
and the dead states. As instances of the first, we notice the 
shell fish cMed phoias, also the medusu phosphoreatSLud others 
of the mollusca i^cies. Marine fishes ia general when de^riv-^ 
ed of life emit light. The flesh of quadrupeds, ^us'mg deoonoh 
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pMtioo, evolves a phosphorescent light. Among insects, are 
ieveiial species which have the power of emitttttg light, as the 
l&ntbom*ily, glow-worm, &c. It is well known that rotten wood 
is sometimes so himinons as to enable one to tell the hour by a 
watch. In afl the above instance, and a great variety of others 
might be mentioned, there is no ^perceptible heat. 

44. Light seems to be a constituent chemical 
principle of some bodies, particularly of marine 
fishes, from which it may be separated, retained, 
and rendered for a while permanent. 

IBus. When fi^ar drachms of whitipg, hiring, or maclterel, 
axe put into a vial coittaining two ounoes of sea water, or of 
pare water, holding in solution half a drachm ofoommon salt, <»r 
two dcaehmsof sulphate of magnesia, if the vial be put into a dark 
place, a luminous ring appears on the surface of the liquid with- 
in three days, and the whole liquid^ if shaken, appears lumin- 
ous, and continues in that state for some time. 

45. Very sensible changes are produced in bo- 
dies by the absorption of light. 

IQus. Plants may be made to vegetate in the dark ; but in 
that case their colour is always white, they have little taste, and 
contain but a very small proportion of combustible matter. On 
exposing such plants to the light, their colour becomes green, 
tiieir taste becomes much more intense, and jthe quantity of 
combustible matter is much increased. These ohaoges are very 
obvious, and they depend incontestibly upon the agency of light. 

Another Tery remarkable instance of the agency of light is 
the reduction of the metallic oxides. If the red oxide of lead be 
exposed to the light, a part of the oxygen makes its escape ; this 
is also the case with red oxide of mercury. If a salt of silver, as 
hinar caustic, be exposed in the same way, it becomes black, 
and on examining it with a magnifying glass, the silver is found 
to be partly reduced to the metallic state. 

4t>. Plants emit oxygen gas on exposure to light. 

JSxp. Fill a glass vessel, as a bell glass, with wat^r, and in- 
vert it on the shelf of the water bath, or in a dish of water. 
Introduce under the vessel, and into the water, some sprigs of 
mint, or any other plant of vigorous growth ; then expose the 
vessel to the action of the sun. Bubbles of oxygen gas will be 
extricated from the leaves of the plant, and will rise to the^lj^r 
part of the vessel. 

Obs> This experiment might give the pupil reason to suppose 
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that the presence of water was necessary to indtu^ {dants to 
give out oxygen, or that it was in some way concerned in its 
extrication. This however is not the case. The water is ne* 
cessary, only because we cannot collect the gas without it. It 
is the air contained in the water, which the plant decomposefs 
and in consequence of which the gas is evolved. 

Plants, during their growth, absorb carbonic acid gas which 
the air contains, and retain the carbon, which forms a part of 
their bulk, but give out the oxygen. In this experiment, then, 
the plant absorbs, and retains the carbon which the air in the 
water contains, and gives out the oxygen gas, which rises to the 
upper part of the vessel. If the experiment is made with boiled 
water, containing no air, the plant does not give put oxygen gi». 
See Vegetation. 

47. Light has an important, and curious influ- 
ence on the crystalization of salts. 

Exp. Into a darkened room, let in a ray of light, through a 
small aperture. Expose to this ray a small shallow dish con- 
taining a strong solution of the sulphate of iron in water, one 
half of the dish being covered with a black cloth so that thia 
part will be completely darkened ; set the dish so that the light 
will strike only on the uncovered part. Let the dish stand in 
this situation for a day or two, so that the salt shall have time to 
shoot into crystals, or vegetate. On examining the solution at 
the end of this time, it will be found that the salt has not vege* 
tated in that part which was covered from the light, but in the 
half only which was uncovered. 

48. Light has the power of exploding a mixture 
of the two gasses, chlorine, and hydrogen. See 
Chlorine. 



OF AFFINITY. 

49. By the best directed experiments, it has 
been demonstrated that all bodies, of which the 
material universe is composed, have a mutual ten- 
dency to approach each other, and to unite in a 
single mass. The force of this mutual inclination 
to unite, whether among the masses of matter or 
their particles, is called attraction : and it is this 
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force by which the planets are kept in their orbits, 
and the atmns of bodies are held together. 

50. Attraction is mntoai ; it extends to indefi- 
nite distances. All bodies whatever, as well as the 
particles of which they are composed, are endued 
with it. It is not annihilated by space, but oper- 
ates at the amazing distances at which the planets 
are placed fi-om the sun, and probably between the 
solar system and the fixed stars. 

51. The cause which produces this reciprocal 
attraction is altogether unknown to us, whether it 
be inherent in all matter, or whether it be the con- 
sequence of some other agent, are questions be- 
yond the reach of human decision. 

Obs. That the power of attraction really exists is obvious 
from the slightest view of the phenomena of nature. 

JEIo^. 1. Place two globules of quicksilver on a piece of dry 
glass, or any other smooth sur&ce, and push them riowly to* 
wards each other. When within a certain distance, depending 
on the size of the globules they will spontaneously run together 
and form one mass. 

2. If two pieces of cork, or wood, be placed in a dish of 
water, near the centre, and at a short distance from each other, 
they will be seen to approach with a rapidity of motion accord- 
ing to the proportionate size of each. 

Corol. These two experiments show that an attractive power 
exists between the masses of matter, and that the force of attrac* 
tion is proportionate to their quantities. 

3. If a small glass rod, or stick, be dipped into water, or any 
other fluid, and drawn out again, a drop will be found suspend- 
ed at the end of it of a spherical, or round form. 

Obs. The fact that all fluids take the globular form whenever 
their particles are permitted to arrange themselves according to 
the laws of cohesive attraction, is demonstrated by the most 
common occurrences. Thus when water is thrown on oil it 
forms itself into globules. When thrown into the air, so as to 
freeze, it comes down in this form. Shot are made by pouring 
melt^ lead from such a height as to permit the globules to cool 
before they reach the ground, d&c. 

Corol The globular form which the drops of fluids assume, is 
•wing to the HHHiial md equal attraction of their particles. 
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Thus every particle approaches the centre of the drop as nearly 
as possible. Hence no other figure could be formed, nor could 
this figure be formed by any other law. 

52. The circumstances under which attraction 
takes place are various, and it consequently be- 
comes necessary to denote the different phenome- 
na which it occasions by distinct appellations. 

53. Attraction oi gravitation is that force by which 
masses of matter tend towards each other, as when 
a heavy body suspended in the air, constantly gra- 
vitates towards the earth, and if set free, will fall 
upon it. 

54. Affinity of aggregation or cohesive attraction^ is 
that force or power by which particles of matter of 
the same kind attract each other, and unite so as to 
form d mass. 

Ohs, This kind of attraction has nothing to do with the for- 
mation of compound substances, its effect being simply to keep 
the particles of bodies together, so as to form solids. Thus a 
lump of copper may be considered as composed of an infinite 
number of small particles cohering together. 

55. Chemical affinity is that power which 
brings particles of different kinds to unite into a 
mass, and to form one compound whole. 

Obs, 1. The difference between cohesive attraction and 
chemical affinity is easily recognized. Thus in the lump of 
copper, the particles are homogeneous and are kept together by 
the force of cohesion. But if the copper is dissolved in nitric 
acid, this cohering force is entirely overcome, and the particles 
of copper are separated and diffused in the liquid. If the solu- 
tion is suffered to stand for a time, a new kind of attraction be- 
gins to operate. The particles of the metal and those of the 
acid combine and tbrm a compound which has none of the pro- 
perties of the acid, or the metal. This union is the effect of 
chemical attraction^ or affinity. 

2. It will be remembered that chemical affinity merely forces 
particles of different substances to combine. 

56. Chemical aflSnity is of two kinds, viz : Ekc^ 
tive affinity^ amd complex^ or what is sometimes called 
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dbu&fe tUetive affmty. It is also called compotmd af- 



57. Elective affinity is that power, or quality in the 
particles of certain substances which forces them 
to unite with each other, in preference to uniting 
with those of a third. Thus A B and C being in 
solution together, the particles of A and C elect 
each other, and unite together, while B is excluded. 

Ohs, This is one of the most important laws in chemistry, and 
is the basis on which its theories as a science, and its practice as 
an art, are chiefly founded. 

58. Complex affinity is a modification of elective 
affinity, and depends on the same law. 

Ohs. In elective affinity only three substances are supposed 
to be in solution ; two of these unite and form a compound, 
while the third is rejected, and remains uncombined. In com- 
plex affinity there is supposed to be at least four ingredients dis- 
solved, so that a double decomposition and interchange of 
particles can be effected. 

lUus. If there be dissolved in one vessel some muriate of 
time, and in another some sulphate of soda, when these two so- 
lutions are mixed, both these salts are decomposed and two new 
ones are formed, the lime quitting the muriatic acid, unites to 
the sulphuric acid and forms sulphate of lime, while the muriatic 
acid of the muriate of lime, and the soda of the sulphate of 
soda, being set at liberty, combine and form muriate of soda. 

Remark. The kinds of affinity particularly belonging to 
chemistry, are the cohesive, ekctive, and complex, 

59. Cohesive affinity is most strongly exerted in 
solid bodies. Its force is proportionate to the me- 
chanical power required tor effecting their disun- 
ion. In a chemical point of view, this force is to 
be considered as modifying or c6unteracting the 
fprce of aflSnity ; for the more strongly the particles 
of any substance are united by this power, the less 
are they disposed to enter into combination with 
those oi other bodies. 

Ohs, The cohesion of bodies may be overcome 6y mecAovt- 
ad division, by heat, and by solution. 
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lihis. The coliesion of some substances ma; be overcome by 
rasping, some by grinding, and others by pulverizing. In 
many substances, one or the other of these modes of breaking 
up the cohesive force, is requisite before they can be brought to 
enter into chemical union with other bodies. 

In most cases that of pulverising is employed, and the liiier 
the levigation, the more easily and quickly does the substance 
enter into combination. Thus in the analysis of some of the 
ores, it is necessary to reduce them to an impalpable powderj 
before they can be dissolved in any acid, d&c. 

Exp. 1. Throw a lump oi fiuor spar into a vessel of sulphuric 
acid and the two substances will scarcely act upon each other 
at all ; but if the spar be finely pulverized and then mingled 
with the acid, a vident action instantly takes place. 

2. If common salt be thrown into water in lumps, it dissolves 
slowly, but if it is first reduced to « fine powder, it ^seolves in a 
few minutes. 

60. Coh^on may be «>unteracted by heai m 
almost every substance with which we are ac- 
quainted. 

Ohs. Heat is the great opposing power to cohesion, and is 
capable of overcoming it in every instance^ provided its intent 
sity be in proportion to the force of cohesion. 

jR^s. 1. The cohesive force of the particlesof quicksilver is 
overcome al the ordinary temperature of the atmosphere, for 
when the metal is e^iposed to a very low temperature, and the 
repulsive power of caloric becomes weakened, the attractive 
fi>rce of its particles causes it to become a solid metal. 

2. Tin melts, or the cohesion of its particles are destroyed^ 
at about 450 degrees of heat. Cc^per fijses at 4587 degrees. 
Platina at 23,177, d&c. It is plajui then, that at proper degrees 
c^ heat, solids lose the cohesion of their particles and become 
fluids. 

Corol. The cohesive attraction depends on temperature^ 
and is entirely destroyed at certain degrees of beat proportion- 
ate to its strength. 

61. Solution is the third mode of counteracting 
cohesion. 

Dtf. The term solution is applied to a very extensive class of 
phenomena. When a solid disappears is a liquid, or when a 
solid or liquid is taken «q> l^ an aeriform body, if lh« oon^pound 
exhibit perfect transparenejr, we fa^ve in eMb mtanee an «&• 
ample of 5o^ton. 
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lUus, When common salt is thrown into the water it disap- 
pears and we have a soJution of salt in water. When the salt 
is added until the water can dissolve no more, the solution is 
said to be saturated. 

2. During the process of evaporation at common tempera- 
tures, the water disappears by entering into solution with the 
air of the atmosphere. Thus air always contains a quantity of 
water in solutioii, which it deposits under certain circumstan- 
ces. 

Obs. 1. By evaporating the fluid, the salt may again be ob- 
tained, for as the particles of water leave those of the salt, the 
cohesive attraction again begins to operate, and solids are 
formed. 

2. When two salts are contained in the same solution, which 
vary in their degrees of soldbility, and which have no remarka- 
ble attractions for each other, they may be obtained separate. 
For by carefully reducing the quantity of the solvent by evapo- 
ration, the salt whose particles have the greatest cohesion will 
crystalize first. If both salts are more soluble in hot water 
than in cold, the crystals will not appear till the liquid cools. 
But if one of them, like common salt is equally soluble in hot 
and in cold water, crystals will appear, even during the act 
of evaporation. In this way we may completely separate nitre 
from common salt, the crystals of the latter bei^g formed during 
evaporation ; while those of the nitre do not appear till some 
time after the fluid has cooled. 

63. Cryst ALiZATiON, is that process by which the 
particles of substances unite together, and form 
solids of regular and determinate shapes. 

Obs. As preparatory to this result, it is in all cases necessary 
that the substance to be crystalized should be in a state of solu- 
tion, so that its particles may have free liberty to move among 
themselves, and to assume their places according to the law of 
affinity. 

I2lus, In ordinary cases the solvent is water, this being the 
proper menstruum for most of the salts. In other cases it is 
caloric, as several of the metals are capable of being obtained 
in regular crystals when dissolved in caloric, or melted. Sul- 
phur may be crystalized in the same way. 
' 64. in some cases the affinity of a salt for its sol- 
vent is so strong as not to permit it to separate in 
tbe form of crystals* 

S 
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itfes. This, i? the c^se with potash when di^I wj in waier. 
iPujt if potash is dissolyec) in a fluid for which ili ha$( a weak a& 
finity, it is easily obtained in crystals, Thus a solution of thi^ 
alkali in alcohol deposits regular crystals. 

65, In general, 9^11 crystajis composed of the same 
ingredients, appear under the same forms. In 
other words all the crystals of the same substance 
are alike in respect to their shapes, and the nuJ^- 
ber and quantity of their angles, these being with 
certain exceptions^ different from those of any o^et 
substance. 

lUus. If common salt be dissolved, and slowly evaporated, it 
forms regular cubes. If it be dissolved again, it will form fig- 
ures of exactly the same shape, and th^s will be the case ^^ 
often as it is permitted to crystalize. 

The crystals of nitre have the shape of a si^-sided prism, 
those of ajum are eight-sided, 6lc, In every instapce the salt 
assumes its own peculiar figure, and with certain exceptions, 
every crystal of the same substance has the same number of 
angles, whose quantities when measured are found tp be equal 
to each other respectively. 

Obs, The determinate and invariable forms under which all 
the crystals of the same substance appear, is accounted for, on 
the supposition that the particles of each substance hiive a shape 
peculiar to themselves, and that during the process of crystaJi- 
zation they take the same position in respect to each other. In 
this case it is obvious that the same figure would be produced 
in every instance. 

66. From an extensive exapjiination of the forms 
which different substances assume when crystaliz-. 
ed, together with their chemical analysis, it has 
been mid down as a general principle, that identittf 
of crysiaUme form is necessariltf comieqied udtk i4^^[^^ 
of cmmical composiiioTL 

Obs. Were this principle univer^ly, and without an excep- 
tion true, its discovery would greatly abridge the taboor of ^e 
chemist. For, by an ifispeclion of tte fonn* of a crjestali itS: 
compoffltion could be told without analysis, wb& tibe anaJyais 
of an impei;fect or broken^ crysta) would ui^icate the e«aQl fiof % 
of the perfect ones. It has however beeoi ascertained, th^ 
although this rule holds good in generd, it has ftiied inpartictt- 
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lfl£r msftttncos. Thus crystals have beto found under the satne 
form which dtffisred greatlj in compomtion, while those of the 
same composition have assumed diffi&rent forms. These f»cts 
do not however des^'oy the -general plinci{de» which may stiU be 
considered as true. 

67. By {>artic^air mfthagement Uie crystals tof 
akioist «ny salt m^f' he mh^^ to assume a mtrdi 
lai^tBize, and morfe beautiful appearance than is 
ordinary. 

IBus. Dissolve the salt to be crystalized in water, for exanif- 
pte, altfm ; concentrate the solution slowly by evaporation, to 
such a degree thai it shaU ctystalKze on cooling, which may be 
known by suffering a drop of it to cool on a pla;te c^f glass, oir 
•Cher substance. This beibg done, put the solution ^ide, and 
when perfectly cold pour off th6 liquid portion from the i^ass 'Oif 
crystals at the bottom, and put it in^o a fla^-bottomed vessel. 

After having stood iot sora« ^ays soHtkry, cryslais will begin 
to form at some distance ftom each t>thec, *which gni;di^ly in* 
crease in size ; select the most reguhff of these, aiid |^«ce then 
in a flat-bottomed vessel at some ^sUnoe frdm^each^her, odid 
poor over them a^aality of the tioiBcekttrated h^uid obtained 
Dj evaporating «. wrfuMWi of «Ae ^tfum, tlfl it crystalKzeb on cod- 
iog. Alter ^e position of the cirystal U leaigt;evei7 day, widi « 
glass rody that all the iikces <nay be aherna)tdy expoeed to tfhe 
action of the liquid : for the side on which the crystal rests, or 
is in contact with the vessel, never is increaised. The crystsd 
wiU thus gradually grow, or increase in size. 

When they have grown to such a size 4^at their forms can 
be^afflly distiQguisbed, let the aost perfect ones be selectted, or 
those -having the exaK^t sha|pe you wiab to obtain, and put them 
separately in a vessd filled with a portion ^f t^ same liqaid, 
and let them be turned m the inaaner directed Mvevai times It 
day. By this means t4ey may be obtained of almost any size we 
wish. » 

When the crystal has continued in the liquid for a certain 
time, the quantity of alum held in section becomes so much di- 
minished, that the liquid begins to act upon die -crystal^ and re- 
dissolve it. This action is first perceptible on the angles and 
edges of the crystal : they become blunted, and gradually lose 
tlreir shape. Whenever this begins to be perceived; pour off 
the liquid, and replace it by some newly prepared. The crystal 
may be made to grow in length by laying it om its sides, aod in 
breadth by placing it on its base, or setting it up. 
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68. Chemicai^ apwnity, like cohesive attraction^ 
is effective only at lAsensible distances. 

nius. If the particles of two substances, having affinity for 
each other, are kept at such a distance, as that we can by any 
means observe space between them, the force of attraction does 
not operate. In this respect chemical affinity differs greatly 
from attraction of gravitation, which^<^erates at indefinite tlis* 
tances. They differ in this also, that the first affect particles 
only, while the other operates on masses, as well as on particles. 

69. Chemical affinity forces the particles oi differ- 
ent substances to unite and to form compounds^ 
which possess none of the qualities of the original 
ingredients. 

lUus. Sulphuric acid and potash, in a separate state, are dis- 
tinguished by qualities entirely different. One is a solid, which 
being added to blue vegetable infusions, changes their colour to 
green ; the other is a liquid which changes the same colour to 
led. They are also distinguished by peculiarities of taste, 
and by their different actions on substances. 

If we add one of these bodies to the other, in small quantities 
at a time, and afler each addition examine the compound, we 
shall finally attain a certain paint at w hi ch i i i e i Hjard will possess 
neither acid nor alkaline qualities ; the taste of the compound 
will be bitter, and it will produce no effect on bine vegetable 
colours. 

Ohs, This experiment will serve as an illustration of the ef- 
fects of chemicd action in a great variety of cases. In the 
instance before us, two of the most caustic and active substances 
with which we are acquainted, by their combination produce a 
third which may be handled, or swallowed with perfect safety. 

The same effect is produced more or less completely, by ad- 
ding any of the strong acids, to either of the alkalies, or alka- 
line earths. Their action on other substances, are weakened, 
in proportion to the additiouy until, at a certain point their 
caustic qualities cease entirely. 

70. When opposing properties are thus destroy- 
ed by chemical combination, the two substances 
are said to saturate each other^ and the precise 
point at which this is effected is called ihsi point cf 
saturation. 

Oh$. The caustic properties, of both acids and alkalies, as 
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frbore stated, art entirely destroyed by saturation. This result 
is the effect of chemical affinity. The acids and alkaHes may 
be considered as having greater forces of attraction for each 
other, than either has for any other substance. When once 
combined, therefore, their mutual attraction does not permit 
them to leave each other to act on other bodies. 

Illus, Nitric acid and potash are each caustic substances. 
They combine with animal and vegetable matters and destroy 
them. They burn the flesh, &c. but^when they are united, all 
these active qualities cease, and the mild compound nitre 19 
formed. Now these active ingredients are still in existence as 
may be shown by decomposition ; for if sulphuric acid be added 
to the nitre, this having a still stronger affinity for the potash 
than the nitric acid has, the latter acid is set at liberty with all 
its active properties. 

Carol, The neutralizing efiSect which the acids and alkalies 
have on each other, is not owing to the destruction of their ac- 
tive principles, but to their strong mutual affinities. 

71. In all cases of chemical combination, there 
happens a more or less evident change of proper- 
ties, the resulting compound always being in some 
respects different from the original ingredients. 

lUus, 1. When a piece of iron is dipped into a mixture of 
SQ^urtc acid and water, each of these ingredients are acted 
upon. The water is decomposed by the iron, which absorbs its 
oxygen, and forms an oxide of iron, while the hydrogen is set 
fi^ee, and makes its escape. The oxide is then dissolved by the 
acid, forming sulphate of iron. 

2. On mdting together the red metal copper, and the white 
one zinc, the yethno compound bretss is formed. It is obviouB 
that by^imple mixture the colour of the brass ought to be 
merely a paler red than the copper, this being the case when 
two paints of these colours are blended together. The new 
colour therefore must be referred to the chemical union of the 
two ingredients. 

1% In many cases where substances act chemi- 
caUy on each other, the fact is to be known chiefly 
by observing the phenomena which take place at 
the time of their action. 

lUus. On mixing together mfk and wotery we observe no 
change of temperature, no precipitate^ nor any other circum- 
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Stance which denotes chemical action. We therefore consider 
this as a mixture of the two ingredients. 

But when we mix sulphuric acid and water, there is produced 
a degree of heat much above that of boiling water, and at the 
same time the two substances occupy less bulk than tbey did 
when in a separate state. Here then it is inferred, that chemi- 
cal action has taken pltce, although the substances have under- 
gone neither change or form of colour. 

73. In almost eve»y case of chemical combina- 
tion, there takes place either a change of colour^ 
a change oi specific gravity .^ a change*of /mpera/wr^, 
or a change oi form. 

74. Change of colour may be observed in a great 
variety of cases. The alloys of any two of the 
metals do not exhibit the medium colour between 
them. The colours of metallic oxides differ ac- 
cording to the quantities of oxygen which they 
contain. Thus, 100 parts of quicksilver and 4 
parts of oxygen invariably give a black compound, 
while the same quantity of the metal, with 8 parts 
of oxygen, gives a red oxide. 

' The purple infusions of vegetables are instantly 
turned green by alkalies and redhj acids. Ammo- 
nia changes the solution of any of the salts of cop- 
per, to blue, &c, 

75« Change of specific gravity takes place when- 
ever any two of the metals are melted together, so 
that they form alloys. In most cases the specific 
gravity is increased by the union. This is also 
the case with many of the liquids, as alcohol and 
water, some of the acids and water, &c. 

76. The change of temperature which takes 
place in consequence of chemical action, is most 
strikingly illustrated by mixing sulphuric acid and 
water. The same effect is also produced in a 
greater or less degree,' when any of the stronger 
acids or alcohol is mixed with water. In many 
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examples a contrary effect takes place, and a di- 
minished temperature, or production of cold is ob- 
served, as when common salt, or any other easily 
soluble salt, is mixed with ice or snow. 

Obs, When heat is produced by mixture, the two substances 
are found to occupy less space when united than when separate. 
Thus a pint of sulphuric acid and a pint of water do not, when 
poured together, make a quart. There is consequently an in- 
crease of density. On the contrary, when substances, on being 
mixed, pass from a solid to a fluid state, heat is absorbed, and 
cold is pioduced, as in the example of mixing salt and ice. 8ee 
Caiaric. 

77. The forms of bodies * are often materially 
changed by chemical combination. 

Exp. L If equal parts of alum and sugar of lead be rubbed 
together forcibly in a mortar, they change from the ^lid to the 
semifluid form. 

The cause of this change of form admits of an easy solution. 
The bases of the two salts having an affinity for each other, they 
combine on being rubbed together, while the water of crystali- 
zation, which had become solid by its previous union with 
them, is set free, and thus occasions the partial fluidity. 

2. Mix with a saturated solution of muriate of lime in water, 
a small quantity of sulphuric acid, and the two liquids will be- 
come solid. 

This change of form is thus explained. The water remains 
fluid afler dissolving a large quantity of muriate of lime. When 
the sulphuric acid is added, the lime quits the muriatic acid and 
unites with it and forms a sulphate of lime. This latter salt 
being insoluble in water, takes a spongy solid form, occupying 
most of the vessel in which the Experiment is made. 

78. Elective affinity. An important law of af- 
finity, which is the basis of almost all chemical the- 
ory, is, that one substance has not the same force 
of aflSnity towards a number of others, but attracts 
them unequally. Thus A will combine with B in 
preference to C, even when these two are present- 
ed to A under equally favourable circumstances. 
Or when A is united to C, the application of B will 
detach A from C, and we shall have a new com- 
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pound of A and B, C being set at liberty, SucB 
cases are examples of single decomposition. 

IHus. Into a solution of muriate of lime, let fall a few drops of 
sulphuric acid. The muriate will be decomposed, a sulphate of 
lime will be formed, and the muriatic acid will be set free. 

Now if we call the muriatic acid A, and the lime B, we shall 
have A and B combined, forming muriate of lim^. On adding^ 
the sulphuric acid C this first combination is destroyed, because 
B has a stronger affinity for C than it has for A, consequently B 
and C unite, while A remains alone in the solution. 

79. Tbe force of affinity which one body has for 
another, is so different and obvious, as to admit of 
the construction of tables, showing at a single view, 
what substance will decompose a primary com- 
pound, and what again will decompose this, and 
so on. 

Ohs, Thus, taking muriatic acid as a substance for which 
several of the alkalies and earths have affinities, the relative 
forces of attraction will be thus ; placing that which attracts it 
most strongly at the top, and that for which it has tlie weakest 
affinity at the bottom. 

MURIATIC ACID. 

Barytes. 
Potash. 
Lime. 
Ammonia. 
Magnesia, &c. 

Tables of this kind, on an extensive scale, are of great use to 
the practical chemist, as they show at once what substances will 
decompose any given compound, as well as what are incompat- 
ible with each other on this account. 

In the present example, magnesia, being placed lowest in the 
scale, shows that when this is united to muriatic acid, the salt, 
muriate of magnesia, would be decomposed by ammcHiia, be- 
cause of the two, ammonia has the strongest affinity for the 
acid. By adding ammonia, therefore, to muriate of magnesia, 
the magnesia would be precipitated and muriate of ammonia 
would be formed. By adding lime to a solution of muriate of 
ammonia, the amii»)nia would be precipitated and a miiriite of 
lime would be formed, and so of the others. 

Digitized by CjOOQ IC 



CHEMICAL AFFINITY. 53 

Obs, No chemical facts can appear, on first view, more sim- 
ple, or intelligible, than those which are explained by the oper- 
ation of single elective affinity. It will be found, however, on 
a more minute examination, that this force, abstractly consider- 
ed, is only one of several causes which are concerned in chem- 
ical decompositions, and that its action is modified, and some- 
times even subverted by counteracting forces. 

80. Although it is ascertained that the aflSnities 
of one hody for a number of others are not all of 
the same degree of force ; we are yet ignorant how 
muck the affinity of one body for another is supe- 
rior to that of a third. The determination of the 
precise forces of affinity would be an important 
step in chemical philosophy, for its phenomena 
would then be reduced to calculation, and we 
should be enabled to anticipate the results of ex- 
periment. ' 

Obs. That the force of chemical affinity must be prodigiously 
great, is evident from its effect in preserving the combination of 
water with some bodies, as the alkalies, when exposed to a vio- 
lent heat. 

Illus, Notwithstanding the great expansive force Of heat and 
the ease with wtoich uucombined water is tur»ed into steam and 
driven off by it, it appears that in some instances the force of 
attraction is still greater, for, on submitting potash, or soda to 
the most violent heat of a furnace, they still retain a quantity of 
water, though water is not essential to the constitution of these 
bodies. 

81. Complex affinity, or double electtve affinity^ is 
exerted whenever two compound hodies mutually 
decompose each other, and by a double inter- 
change of ingredients, form two new compounds. 

Obs, It frequently happens that the compound of two princi* 
pies cannot be destroyed either by a third or fourth separately 
applied ; but if the third and fourth be combined, and placed in 
contact with the former compound, a decomposition, or a change 
of principles will ensue. Thus when lime is added to a solu* 
tion of sulphate of soda, no decomposition happens, because 
the sulphuric acid attracts the soda more strongly than it attracts 
lime. If muriatic acid be applied to the same compound, still 
its principles remain undisturbed, because the sulphuric acid 
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aitrtbcts soda ifi<9re tArongly than the teQi-iiitie ncid 4o«s« %ut 
if the lime atid flUiriati^ aeid prefiousty oombia^ te iaixisd 
nfMth the sulphate of soda a double deconipo^ilion is -effttted. 
The liaie leiivmg the tnuriatic acid, iiBhes wit^ the t^Qlpharic 
aeid ; and the soda, bemg separated from ^e solphniie abid, 
cembkies with the muriatic. These deeoingNKii^ai^ tie t^kh* 
dered more intelligiUe by the fc^owmg diajgf am. 





Muriate of Soda. 


Siilphat 
Soda. 


Soda. Muriatic acid, 
e Muriate 

V of 
Lime. 
Sulphuric acid. Lime. 




Sulphate of lame. 



On the outside of the Teitical brackets are placed the original 
compounds^ sulphate of soda and muriate of lime ,' and abore 
aftd below the diagram, the new oompoonds. The upper ihie 
being strait, uklicates that the mmriate of soda r^ffiMtms in 6okl« 
tkm, and the middle^f the Itm^r line beiag directed dowftwaiidd, 
diows that the sulphate of lime is precipitated. 

Ohs. The turbid, or mlkjr appearance whicli is seen OB Jul- 
diflg the x^ear s^m^ds of mwriate of Moie ^aai<l sttlpliate ^ M^ 
togetlmr^ is owing to the fact that ooe ofthev^xrly ft»rmed saltft; 
Bttljphate-^liHie, «s insoluUe m water, and conseiqaeii^ is pre- 
cipitated, or fails to Ike bottom of tbe vessel, occasioning in its 
descent the turbidness. The same appearance is seen in every 
case where an insoluble precipitate is formed by chemical 4^ 
eompoeitioB. 

82. ExpERiMEPTTs illustrating chemical affinity. 

Exp, Mix together some olive oil and water in a vial. Tlie 
oil win rise to the top of the water, and cannot be made to unite 
with it, there being no affinity between them. But if some 
pieces of potash b^ added, and the vial shaken, there takes 
place a chemical union between the three substances. 

Obs, The potash having an affinity both for the oil and the 
water, it attracts each with a force sufficient to effect their union. 
In this manner sDop is formed. 

^ 83. Some bodies do not act on each other unless 
either one or both are in a state of aolution^ or at 
least contain ws^ter. 
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' IHus, Spread thinly, on a piece of tin-foil three or four inches 
square, some dry nitrate of copper, and wrap it up. No effect 
will be produced. Unfold the tin-foil, and having sprinkJed. the 
nitrate of copper with the ^nj^llest possible quantity of i^atei;, 
wrap the tin-foil up again as quickly as possible, pressing down 
the edges closely. Considerable hea^, attended with copious 
red fonies, will now be excited ; and if the experiment has been 
dexterously made, sparks of fire or even flame will be emitted. 

Obs. This shows that nitrate of copper has no action on tin, 
except it is in a state of solution. 

84. Experiments illustrating single elective af^ 
finity. 

Exp, 1. Add to a solution of soap in water a few drops of 
nilphuric, or any other acid. The acid will combine with the 
potash ; the oil will be set free, and will rise to the top. 

Obs. The same effect is produced by those waters which nat- 
urally contain a small quantity of any acid, as the carbonic. 
These waters are called hard, and will not wash, because the 
acid wJiich they contain decomposer the soap. 

2. To a solution of camphor in spirits or alcohol, add a quan- 
tity of water^ The mixture will instantly become white and 
turbid, and the camphor will rise to the top in flakes. 

Obs, The alcohol has a stronger attraction for the water than 
it has for the camphor, it therefore leaves the latter and. unites tot 
the former, while the camphor, bejng insoluble in water, takes 
tbe solid forra^ and rises to the top, because it is of less specific 
gravity than the fluid, 

85. The properties characterizing bodies when 
separate, are destroyed by chemical combination,, 
^d new properties appear in the compound. 

llb*s. Thus muriatic acid and lime, which in a separate state' 
hare a most cwrosive taste, lose this entirely when mutually^ 
siuturated ; the compound is extremely soluble, though lime 
itself is very difficult of solution : the acid no longer reddens i 
^rrup of violet, nor does the lime change it as before to green* 
The riesulting compound, muriate of Ume> alsp exhiluts new 
properties. It has an intensely bitter taste ; is susceptible o£ 
crystalization, and the crystals, when mixed with snow oi^ ice, 
generate a di^qe of cold sud|cieiit to freeze mercury^. 
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Def. The name gas is given to all the permanently elastic 
fluids, except the atmosphere, which is called air, 

86. The gases are a numerous set of bodies, ob- ^ 
tained from various substances, chiefly by chemi- 
cal decompositions. They differ greatly from each 
other in some of their properties, in others, they 
are nearly alike. Thus some are acid, some are 
alkaline ; feome extinguish flame, and some sup- 
port combustion, &c. But they all agree in re- 
spect to that serial form, and that elasticity which 
constitute them gases. 

87* The gases are supposed to consist of solid 
ponderable particles united chemically to caloric^ 
and perhaps to electricity also. The weight of the 
gases depends on their solid particles ; their elas- 
ticity on the repulsive power of caloric to which 
these particles are united. 

Ohs. 1. All the gases agree in the ratio of their expansibility 
by equal increments of heat. This is one part in 480 for every 
degree of Farenheit's scale between the freezing and boiling 
points. 

2. The bulk of a gas is inversely as the pressure which it 
sustains. Thus the air (which is composed of two gases) at the 
earth's surface, sustains a pressure equal to the weight of the 
incumbent atmosphere, which is nearly equivalent to a column 
of mercury 30 inches high. If we double this pressure we re- 
duce the air to one half its bulk ; if we triple it, to one third, and 
80 on in this proportion to any known extent. On the contrary, 
if we remove one half the pressure, we double the bulk of air, 
and if we remove nine-tenths of the pressure, we increase the 
bulk ten times, and so in this- proportion, to any imaginable 
extent. 

All the gases are absorbed, -in greater or less quantities, by 
porous substances. Charcoal possesses the highest absorbent 
power, but all substances possessing a certain degree of porosity, 
after being exposed to the action of the air-pump, absorb certain 
quantities. The quantity absorbed by charcoal, depends on the 
gas to which it is exposed. Thus a piece of red hot charcoil. 
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quenched by plunging it under mercury, absorbs 90 times its 
bulk of ammoniacal gas, but hardly twice its bulk of hydrogen 
gas. The other gases are absorbed in proportion between these. 

All the gases are also more or less absorbable by water. Thus 
water absorbs several hundred times its bulk of sulphurous acid 
gas, but only a very minute quantity of nitrogen. 

Remark, The gases are probably very numerous. The num- 
ber known at present is 48. The following table contains the 
most important and curious among them. The right hilnd co* 
lumn shows the composition of the gases on the left The 
cross + signifies " combined with ;" as ammonia is comp 
•f 3 parts of hydrogen combined with 1 part of nitrogen. 

CLASS L 

Gases with simple or single bases. 
Oxygen gas. Nitrogen gas. 
Hydrogen gas. Chlorine gas. 

CLASS II. 

Ga^es with compound bashes. ^ 

DIVISION L 

Compound combustible gases. 

Cpmp^ed qf by volume. 
Name parts * . parts . 

1 Ammonia 3. hydrogen + 1 nitrogen. 

2 Carburett^d hydrogen ' 1 * ckrbon + 2 hydrogen. 

3 Olefiant gas 1 carbon .. 4- 1 hydrogen. 

4 Sulphuretted hydrogen ' 1 hydrogen rh 1 sulphur. 

5 Phosphuretted hycjrogen i phosphorus +.1 hydrogen. 



DIVISION ti* 

Qjudes in th,Q st|ite of 
parts j,^ 

1 Carbonous oxide 2 carboa 

2 Nitrous oxide 1 oxygen 

3 Nitric oxide 1 oxygen 



Carbonic acid 
Sulphurous acid 



6 



DIVISION IIL 

Acid gases. 
parts 
i carbon 
1 oxygen 



parts 
+ 1 oxygen. 
•J- 2 nitrogen. 
+ 1 nitrogen. 



.parts:, ■ 
+ i oxygen. 
+ 1 sulphur. 
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parts. parts. 

Nitrons acid 3 oxygen + 2 nitrogen. 

Nitric add 6 oxygen + 2 nitro|eD. 

Muriatic acid 1 hydrogen + 1 chlorine, 

nuoric ai^id oxygen, with unknown base. 

Ohs. The method of making experiments on the gases is 
described under the head of " Chemical Utensils," article *' gas 
apparatus." 

OXYGEN GAS. 

88. We have no knowledge of the properties of 
oxygen, except in a state of combination. It some- 
times exists m a solid state, as when it combines 
with the metals to form oxides, and sometimes in 
an aeriform state, as when it is miited to calo- 
ric and light, forming oxygen gas. No pro- 
cess has yet separated the oxygen from the solid, 
and the aeriform state at the same time ; the con- 
sequence is, that the base, or ponderable part of 
oxygen has never been exammed in a separate 
state. 

89. Oxygen is an invisible fluid, like air. It has 
neither tast^ nor smell. Its specific gravity is 1 103, 
air being 1000. It is slightly absoroed by water. 
It is procured from a great number of sul^tances ; 
and K>rmi5 about cme-nfth of the atmosphere. 

JExp. Take a quantity ofhiack oxide vfmanganeset pnt it into 
a retort, or Florence flask, furnished with a tube, (seeohemical 
utensils) and pour on one half its weight of sulphuric acid : mix 
them together, and piaee the retort, or flask over an Argand 
lamp. The gas comes over in abundance, and may be coUect- 
ed over water in the usual way, by plunging the beak of the 
retort, under a vessel filled with it. See gas apparatus. 

Ckmtion. — When buUMIes of oxygen cease to ascend up the 
water in the receiver, the retort must be removed, otherwise it 
will be broken by the water whic^ wiU be forced over to fill the 
vacuum caused by the heat 

Ohs. The above, is the most ccmveni^it method of collecting 
oxygen gas in the small way, ahid for ordinary experiments ; 
where htfget quantities are wanted, other methods are useil. 
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90. Oxygen gas may also be obtained from black 
oxide of manganese, heated to redness in an iron 
retort, or gun barrel : 

91. From red lead, heated in the same way. 

92. From nitrat^ of potash, (common salt petre) 
also heated as above. 

93. From the leaves of plants, exposed to the 
action of the sun, under a receiver filled with wa- 
ter, Sfc. 

91. All combustibles burn in this gas with great- 
ly increased splendour. 

JExp, 1. Fill a glass vessel, as an open-mouthed via), with this 
gas ; then as it stands on the shelf of the water-bath, slide a 
plate of glass under its mouth and set it upright, keeping the 
glass in its place. Have ready a wax-taper fixed to a piece of 
wire ; light the taper, and sliding the plate of glass hastily off, 
plunge it into the gas. The taper will bum with intense bril- 
liancy. 

95. If the taper be blown out, and instantly 
be plunged into the gas, it will be lighted again, 
with a slight explosion. 

Obs, As tapers, ready made, canitot always be obtained^ it was 
thought worth while to add here, that a strip of cotton cloth, or 
some cotton wick, dipped in melted bees-wax, and rolled moder- 
ately hard while the wax is coding, wiU*answer every purpose. 

96. Several of the metals, when heated in a ves- 
sel of oxygen gas, inflame, and burn with great 
brilliancy. 

2. Take some thin pieces of zinc, such as are made by.melt« 
ing that metal, and pouring if into water ; place a small quantity 
of them on a spoon, or small dish, made by hammering apiece 
of tinned iron concave, and fixing to it a wire handle. Place in 
the midst of the zinc a grain, or two, of phosphorus ; then set 
fire to the phosphorus, by holding the dish over a candle, and 
instantly plunge it into a vessel of oxygen gas. The zinc will 
be inflamed and will burn with a beautiful white light. 

3. Procure some iron, or what is better, steel-wire, or a 
watch-spring ; wind it round a slender rod of glass, or wooci, so 
as to coil it up in a spiral form : the turns of the wire being about 
the eighth of an inch apart. Then withdraw the rod, and ti« 
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to the end of the wire a piece of thread, dipped in melted sul- 
phur, or bees-wax ; leave the other end of the wire strait for a 
few inches, which must be fixed to a cork, in such a manner 
that the coil will hang vertically when the cork id in its plate. 
Fill a bottle, holding about a quart, with oxygen 
\^^ gas, and set its mouth upwards, covering it with a 
plate of glass. Then light the sulphur, or wax, and 
introducing the coil into the bottle, put the cork in 
its place. Fig. 21. The iron will burn with an in- 
conceivably brilliant light, throwing out sparks in all 
directions. Now and then a globule of the melted 
iron falls down and will break the bottle unless some 
sand or water be left at the bottom. See fig. 

97. All bodies, by combustion in oxygen gas, ac- 
quire an addition to their weight. 

lllus. If the wire, in the last experiment be nicely weighed 
before it is burned, and afterwards if the globules of oxide of 
iron be weighed, it will be found that they weigh more than the 
same quantity of iron did before burning. 

ExpL The iron, in burning, absorbs the solid ponderous par- 
ticles of the oxygen gas, which become a part of the oxide, while 
the light and heat, with which the gas was combined, is given out 

Oxygen gas changes the colour of blood from black to red. 

Exp, Put a little dark-coloured blood into a vial of oxygen 
gas, and shake the vial, the colour will be changed to red. 

Oxygen gas is the principle of acidity. 

Exp, Introduce some burning sulphur under a bell glass, 
filled with this gas, standing in a dish, over a small quantity of 
water. The sulphur, as it burns, absorbs the oxygen and forms 
with it sulphuric acid, which is absorbed by the water ; hencQ 
the water will be sour. 

OF NITROGEN OR. AZOTIC GAS. 

98. The term Nitrogen is compounded of two 
Greek words, which signify " to generate nitre." 
«/^zo/, which is used to signi^ the same substance, 
means " life depriver,'' because it destroys the Kfe 
of any animal which is forced to breath it 

99. Nitrogen is principally distinguished by its 
negative properties. It destroys the lives of ani- 
mals immersed iA it, and instantly extinguishes 
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flame. It has no sensible taste. It is a compo- 
nent part of ail animal substances. When united 
to oxygen in a certain proportion, it forms atmos- 
pheric air. 

100. Nitrogen gas may be obtained by various 
methods, and from a variety of substances. 

Ezp. 1. Mix equal weights of iron filings and sulphur into a 
paste with water, and place the mixture in a proper vessel over 
water, supported on a stand ; then invert over it a bell glass full 
of conunon air, and allow them to stand in this situation a day 
or two. The paste absorbs the oxygen Aom the air contained 
under the jar, while the nitrogen remains. 

2. Place on a stand in a shallow dish of water, 
fig. 22, a piece of phosphorus. Set fire to the 
phosphorus by touching it with a hot iron, and im- 
mediately invert over it a bell of glass. The phos- 
phorus absorbs the oxygen by combustion, and the 

) nitrogen remains. 

3. Put some lean meat into diluted nitric acid^ 
and by the action of the acid on the meat, nitrogen will be ex- 
tricated. 

101. Nitrogen gas has the following properties. 
It immediately extinguishes a lighted taper. 
Exp, Fill a small jar with this gas, and set it upright, with a 

cover on the mouth ; light a taper, and partly removing the 
cover, plunge it into the gas. The light will be instantly ex- 
tinguished. 

H)2. It destroys animal life. 
jExp, Confine an insect, or any animal in it, and it soon dies. 

OF COMMON OR ATMOSPHERIC AIR. 

103- By air is meant any portion of that elastic 
fluid, of which the atmosphere is ehiefly compos- 
ed, excluding the water and other foreign substan- 
ces which it contains. At this place the air is to 
be considered chiefly in a chemical point of view, 
without regard to the physical eflects or proper- 
ties of the atmosphere at large. 

104. The air in which we utc is a permanently 
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elastic fluid ; invisible, indeed, but easily recog- 
nised by its motion, or its resistance to motion, 

Obs. It is composed of two gases, oxygen and nitrogen, pro- 
bably in a state of chemical combination. The oxygen compos- 
es about one-fiflh, and the nitrogen four-fifths of the atmosphere. 
When these two gases are separated, their properties are found 
to be totally unlike each other ; the oxygen being eminently 
fitted to support combustion and life, while the nitrogen extin- 
guishes flame and destroys life. 

105. As we are not acquainted with any sub- 
stance which will decompose the air, by combin- 
ing with the nitrogen, while the oxygen remains in 
its elastic state, we are obliged,'in all cases, to sep- 
arate the two gases by such substances as abstract 
the oxygen from the nitrogen. All combustibles 
are capable of doing this, with greater or less fa- 
cility. Thus during the burning of a candle, oxy- 
gen is separated from the nitrogen, and it is on 
this circumstance alone, that its ccnnbustion de- 
pends. The oxidation or rusting of iron depends 
on the srame principle, and in this respect may be 
considered a slow combustion. 

106. The analysis of the air, then, consists in a 
process by which the oxygen is absorbed, while the 
nitrogen remains behind, and thus the diminution 
of bulk will show the proportions of each. 

Exp, On a stand, placed in a dish of water, put a grain or two 
of phosphorus ; set fire to the phosphorus by touching it with^a 
hot iron, and instantly invert over it a bell glaiss. By the com^ 
bustion of the phosphorus, all the oxygen will be absorbed, while 
the nitrogen remains in the receiver, and in consequence of the 
absorption, the water will rise in the receiver. 

Obs. If the air remaining in the glass be examined by intro- 
ducing into it any lighted body, as a taper, it will instantly be 
extinguished, showing the entire want of that principle which 
supports combustion. If an animal be ^ut into it, it soon dies, 

107. To determine the quantity of oxygen ab- 
sorbed, an instrument is made use of, called the 
Eitdiometer; and the art, or met|xod of ascertaining 
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the purity of the atmosphere, is called Etdiometry. 
Ohs, 1. Various instruments have been invented for this pur- 
pose, and several substances have been employed to absorb the 
oxygen. 

2. One of the most simple Eudiometers consists of a glass 
tube of an inch iif diameter, and 24 inches long, divided into 
one hundred equal parts. The scale may consist of a piece of 
paper pasted on, after which it must be varnished to protect it 
from the water. The tube is closed at one end. Into such a 
tube, full of common air, put a piece of phosphorus, and stop the 
open end carefully with a cork ; then heat the part where the 
phosphorus lies, over a lamp ; it will burn rapidly. Let the 
tube get cold and heat it again ;, then when it gets cold, put the 
end stopped with cork under water, and withdraw it so that the 
water can enter and fill the space lefl by the loss of the oxygen. 
The water will rise up in the tube and show what proportion of 
oxygen has been absorbed, and what proportion of nitrogen 
remains. Experiments of this kind have determined that the 
atmosphere consists of 21 parts of oxygen and 79 parts of nitro- 
gen to the 100. 

3. It is remarkable, that on examining specimens of air in all 
countries, and from almost every part of the globe, no percepti- 
ble difference in the composition of the atmosphere has been 
detected. 

108. The synthesis of the atmosphere consists in 
mixing in proper proportions the gases of which it 
is composed, and theji submitting the mixture to 
the action of a burning body. 

Exp. Take two bell glasses, of equal capacities, and fill the 
one with oxygen and nitrogen, in the proportions of 21 parts of 
the former, and 79 parts of the latter ; fill the other with com- 
mon air. Invert both at the same instant over two tapers of the 
same size, and burning alike. The phenomena observed in 
both will be exactly alike. They will both give out the same 
quantities of light, and will go out at the same time. * 

109. The respiration of animals produces the 
same effect on atmospherical air, that combustion 
does : when an animal is included in a limited 
quantity of air, it dies as soon as the oxygen is con- 
sumed ; and no gas will maintain animal life but 
oxygen^ or a mixture which contains it. 
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Obs, Experiment shows that life cannot be sustained where 
a ccmibustible body will not burn ; hence a good precaution for 
those who descend into wells, or other places where foul air 
might be suspected, would be, first to let down a burning can- 
dle. If this will not burn, certain death would attend the de- 
scent. • 

The atmosphere is partly supplied with oxygen by the growth 
•f plants. See Vegetation. 

OF HYDROGEN GAS. 

110. The term hydrogen is derived from two 
Greek words, and signifies " to become," or '* pro- 
duce water," because when combined with oxy- 
gen, it forms water. 

111. Hydrogen, in a separate state, has never 
been examined ; its affinity for caloric being so 
strong as to give it the form of a ^as, whenever it 
is separated from its other combinations. In the 
form of a gas, hydrogen is a permanently elastic 
fluid, possessing very peculiar properties. 

112. By the union of its base with the base of 
oxygen, water is formed, while the light and heat 
of both are given out. It is the lightest of all sub- 
stances whose weight we are able to estimate. It 
is not fitted for respiration. It is obtained by the 
decomposition of water, from which alone it ori- 
ginates. 

Exp, 1. Take some sine, gran^ 
ulated bj melting and pouring it 
into water, or some iron wire, or 
iron filings, put it into a retort oi 
flask, fig» 2B, and pour on sulphn- 
ric acid, diluted with five or aiz 
parts of water. A violent effer* 
vescence will ensue, owing to the 
_ > escape of the gas through the wai- 
ter. The gas may be collected in the usu J manner. See fig. 
Obs, The production of hydrogen by the above experiment, 
depends on the decomposition of the water, by means of the 
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zinc, or iron and the sulphuric acid. The metal has an attrac- 
tion for oxygen, which it obtains from the water ; this forms an 
oxide of the metal, which is instantly dissolved by the acid ; the 
surface is thus left clean, and exposed to the water from which 
it attracts another portion of oxygen, which is dissolved as be- 
fore. In consequence of the absorption of the oxygen from the 
water, the hydrogen is set free, which, uniting with caloric, ap* 
pears in the form of hydrogen gas. 

Exp, 2. Place a gun barrel in a furnace so as to heat it red 
hot in the middle ; connect to one of its ends, by means of a 
tube, a retort placed over an Argand lamp ; to the other end, fix 
a tube which goes under a vessel inverted in the water-bath. 
Make the water in the retort boil so that the steam may pass 
through the red hot gun barrel. Hydrogen will be produced, 
and will pass into the inverted vessel. 

Obs. Red hot iron has a strong attraction for oxygen. In 
the last experiment the oxygen of the water unites to the iron, 
while the hydrogen being set free, unites to caloric, and is ob- 
tained in the form of hydrogen gas. 

113. Hydrogen is about 13 times lighter than 
air. Its levity may be shown in various ways. 

JSxp, 1. Fill with this gas a bladder, furnished with a tube 
and stop-cock, and adapt to this a common tobacco-pipe. Dip 
the bowl of the pipe into a strong solution of soap in water, and 
by pressing the bladder blow up bubbles. These, instead of 
descending to the ground, will rise rapidly in the air. 

Obs, It is with this gas that balloons are filled. They rise 
through the air on the same principle that a dry piece of wood 
rises through water, or thai a leaden bullet will rise through 
quick-silver, viz. by being of less specific gravity than the fluid 
which surrounds them. 

Exp, 2. The above experiment may be varied by charging 
the bladder with two parts of hydrogen and one of oxygen gas. 
Bubbles blown with this mixture, take fire on being touched 
with a lighted taper, and detonate with a loud report. 

Caution, Detach the bubble completely from the pipe before 
it is touched by the taper, otherwise a dangerous accident may 
happen from the explosion of the contents of the bladder. 

114. This gas, though inflammable itself, extin- 
guishes burning bodies. 

Exp. 3. Fill a small jar or tumbler with it, and keeping the 
vessel inverted, bring it over a burning taper ; then suddenly 
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depress tbe vessel so as to surround the light with the gas. The 
t^>er will instantly be extinguished. 

Obs. Hjdrc^en gas burns only at the point of contact with 
the atmosphere, or with oxygen gas. In other words, it is cobei« 
bttStiUe only as it unites with oxygen. Hence, in the last ex* 
periment, the taper was extinguished because being entirely 
surrounded by the hydrogen, no oxygen come to support its 
combustion. 

115. When a stream of hydrogen gas is burned' 
within a tube of glass, porcelain, or metal, musical 
tones are produced. 

Exp, 4. Into a convenient vessel, fig. 24, as a glass 
bottle, put the materials for making hydrogen. Pro* 
cure a glass, or metallic tube, with a bore about the 
size of a smdl pin ; pass the tube through the cork of 
the bottle, and inflame the gas at the end of the tube. 
Then take a glass tube about 18 or 24 inches Icmg, and 
from one to two inches wide, and including the flame 
within the bore, pass it down until the tones are pro- 
duced. The tones will be varied as the tube is raised 
or depressed, or by using those of different sizes. 

Caution. Take care not to inflame the hydrogen 
until all the common air has passed out of the bottle, 
otherwise an explosion may happen. 

116. Whenever hydrogen is burned, water is 
produced. 

Exp, Let hydrogen be burned at the end of a small orifice, as 
in the last experiment, and instead of the glass tube, hold over 
it a tall iteceiver, perfectly dry. In a few minutes the receiver 
will be covered with a fine dew. 

COMPOUND BLOW-PIPE. 

117. If two parts of hydrogen and one of oxy- 
gen be burned together, as they issue from a small 
orifice, a very intense heat will be produced. 

Obs, The apparatus made use of for this purpose, is called 
the compound blow-pipe, and may be constructed as follows : 
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First, proride a tank, or water 
cistern, in size prq)ort)oned to 
the object for which the blow- 
pipe is intended. For private 
experiments, or schools, this may 
be five feet long, two and a half 
feet deep, and two feet wide, 
and made of well seasoned pine 
boards and cov<ered with two or three coats of paint. 

Second, the gas^Melders may be made of tin or wood, but tin, 
painted, is much the best. These are square boxes, open at the 
bottom, and made to fit each end of the cistern, leaving the 
space of a foot between them. The boxes Are fastened to their 
places by buttons, to prevent their rising when filled with gas. 
Thus fiir the apparatus will serve for a pneumatic cistern, and 
may be used for making a great variety of experiments, where 
the use of a water-bath is required. 

Third, the blow<^ipe consists of two tubes of brass, similar in 
shape to the common blow-pipe, but each of them bent in form 
of a semiH^rcle, with the small ends soldered together. (See fig.) 
This part of the instrument requires very nice woskmanship. 
The two gases must meet only at the extreme point of the blow- 
pipe, the tip of which is made of platina, or silver, and screwed 
on. The two orifices must therefore be continued from each of 
the brass pipes nearly through the tip of platina, at thepoint of 
which they meet and come out at a single aperture. The size 
of this must not exceed that of a common sewing needle. 

The other ends of the two pipes are fastened by. coupling 
screws to each of the gas-holders, so that the blow-pipe can be 
put on or taken off at pleasure. £^ch leg is also furnished with 
a stop-cock, by means of which the gases are let into the blow- 
pipe, and the quantity regulated so as to produce the most in- 
tense heat. 

The necessity of making the tip of platina, or silver, arises 
from its liability to melt or oxydate, if made of other metals ; 
and it is a curious fact, lately verified by experiment, that in 
constructing it, if both orifices meet at any considerable dis- 
tance from the point, the gases will nol Inirn, the hydrogen 
being extinguished on letting in the oxygen. 

OF WATER. 

118. Water is composed of two parts of hydro- 
gen^ and one of oj^gen. 
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Obs, It has 1>een stated under the article hydrogen, that 
when that gas was burned, water was always produced. The 
burning of hydrogen consists in its rapid union with oxygen^ 
and the simultaneous extrication of the light and heat with 
which they were united, so long as they remained in their gase- 
ous states. The water, then, which is so produced, is a com- 
pound formed by the combination of the two substances, oxygen 
and hydrogen. It is not, however, a compound of the two gases, 
but only of their bases, or solid ponderable parts. As gases, 
these solid particles were united to caloric, which gives them 
their properties as elastic fluids. When they unite, this caloric 
is given out, and takes the form of sensible heat, and their par- 
ticles uniting, form* water. 

1 1 9. That water is composed of these two sub- 
stances, can be shown in two ways, viz : hjsynthe" 
sis^ or the joining of its elementary ingredients, and 
by analysis^ or the separation of its constituent par- 
ticles. 

v'"**"*^ Exp, 1. Fill with hydrogen 
/^ ) gas a bladder furnished wim a 

'stop-cock and tube. Inflame 
the hydrogen and introduce the 
tube into a large glass globe 
with two openings, so that the 
flame will be in the centre of 
the globe, (see fig. 25.) As the hydrogen burns, the rarified 
and vitiated air will pass off at one of the openings, while the 
other admits fresh air to support the combustion. In a few 
minutes, the globe, which should be perfectly dry at the begins 
ning of the process, will be covered with a moisture on the in- 
side, and by continuing the experiment, the water will run down 
its sides. 

2. Expose to the intense cold of winter, a lamp burning in a 
glass lanthorn of about four inches diameter. The sides of the 
lanthorn will be covered with ice. The burning of the lamp 
forms water, the hydrogen being furnished by the oil, while the 
oxygen is absorbed from the air of the atmosphere. 

Obs, When accuracy is required in the formation of water^ 
the two gases, hydrogen and oxygen, are burned together in a 
close vessel over mercury. When the two gases are burned in 
this way. in the exact proportions in which they exist in the 
composition of water, tney both entirely disappear, and a quan- 
tity of that fluid b the result of the experiment 
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120. The analytical experiments on water, are 
of two kinds, viz, such as present us with one in- 
gredient only, in a separate and distinct form : and 
such as present us with its two component princi- 
ples, the oxygen and hydrogen, mixed together in 
the state of gas. 

Obs. The method of decomposing water by means of zinc 
and sulphuric acid, for the ordinary purpose of collecting hydro- 
gen, has ah-eady been described. Water may also be decom- 
posed by passing its steam through a red hot gun barrel, con- 
taining coils of iron wire, or by passing it through a porcelain 
or iron tube, containing red hot charcoal. In these cases, how- 
ever, only the hydrogen is obtained in the gaseous form, the 
oxygen having entered into union with the iron wire, or the 
charcoal. 

121. The process by which the elementary 
parts of water are separated from each other, and 
are both obtained in an aeriform state, as hydro- 
gen and oxygen gases, are dependent on the agen- 
cy of electricity. The two gases may be obtained 
in a separate state by a proper apparatus. 

Exp, Bend a glass tube into the form of 
a syphon, as seen in fig. 26. At the outer 
angle of the bend, a small hole must be 
ground so as to let in the 'water. Both ends 
of the tube are stopped with corks, through 
each of which passes a wire, one from the 
positive and the other from the negative 
end of a galvanic battery. The wires pass 
down nearly to the angle of the tube, as in 
the figure. They must be made of a metal not oxidable, as gold, 
or platina. The tube is filled with wuter, and the bended part 
immersed in a dish of the same fluid. 

1 22. When a stream of galvanism is made to pass 
through the water between the points of the two 
wires, by connecting these with each end of the 
battery, the water is decomposed, and the two 
gases rise in a separate state, into the legs of the 
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tube, oxygen being found in fee leg tonnefct^dm^ 
the positive wire, and hydrogen in the other. 

Obs. if after the above eiqperioient, the contents of each tube 
be taken and biu ned, water is again formed ; so that these two 
f^rocesses afford the most positive proof that water is composed 
#f oxygen and hydrogen. 

. 123. Water is often decomposed in small quan- 
tities by being kept for a loi^ time in wooden Tes- 
^els. 

Obs. The wood combines with its oxygen, and probably with 
a part of its hydrogen, and again gives out carburetted hydrogen^ 
h^ee the disagreeable smell which is emitted from water bng 
kept in easlui. If the cask is charred on the inside, as is now 
4one preparat(Mry to putting up water for long voyages, this effect 
ia not produced* 

OP CHLORINE OR OXYMURIATIC ACID GAS. 

124. This gas is crfa greenish yellow colour, and 
hence its name, the Greek word from whence it is 
^rived signifying green. It has an extremely pun* 

f;nt and sum>cating smell, so that it is not only 
si^reeabl^, but d^gerous to breathe only a few 
bubbles of it It is more than twice as heary as 
air. At the temperature which congeals quicksil- 
Terii takes the liquid Ibrm, and is condensed on the 
fides of the TesseL It is obtained by the follow* 
ing process : 

Exp. Into a tubulated retort introduce eight ounees of muri« 
alic acid, and three ounces of finely powdered Mack oxide of 
manganese, and apply the heat of a lamp. The gas may be 
received over water in the usual way. 

Caution. Great care must be taken not to let the smallest 
<|uantity escane in the room. \ 

125. Chlorine gas, when perfectly dry, hA^ iio 
effect on dry vegetable colours. But in its oWft- 
naiy state, as when collected by the above pro- 
cess, all vegetable colours are destroyed by it 

JB^rp. 1. Introduce into a receiyer of this gas a piece of papet 
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iHwyri ykhlkmiMi, oi tiiumure of jred c^hb^ge, or some of the 
pa^e paper which surrounds loaf sugar. In a few minutes the 
eoloor wul be discharged. The colours of flowers, as a rose, 
wfll be discharged in the same way. 

, Obs. The property which chlortne has of dischargiag ^okrars, 
first suggested the idea of its em[^oyment in the bleaching of 
cotton and linen goods, and it is now extensively employed icfr 
these purposes. ^ 

126. Most of '^le m^als, when iotroduMd into 
this gas in a state of minute division, inflame apon^ 
taneonsly. 

Etd, 2. Fill a deep bottle with this gas i^d set it upright, 
^ith ttie mouth covered. If a little sand be poured into the bot- 
"tle, it will prevent its breaking. Have ready some antimohy kk 
powder ; «ide the cover off and pour in the antimony. T^ 
metal will take fire before it reaches the bottom, and witt bimi 
with a white and beautiful flame. Gold or silver leaf, thin plates 
of eq>per, iron filings, &c. will take fire in the same wtiy. ^ 

127. When a mixture of chlorine and hydrogen 
is exposed to the direct rays of the sun, it* explodes 
with great violence. 

Exp, Mix equal volumes of chlorine and hydrogen in a gla^s 
bottle, taking care to do thk in a darkened room. Tllen^ co^t 
the boCfte to {Nrotect k firom the Hght and oirry it o«t efi decMs, 
and contrive to uncover it, while atadding at a few rods d^ 
lanee, as by means of a string, or otherwise. The mixture will 
explode and burst the bottle, which will fly in every direction. 

Caution, Although it has heretofore been stated that tlis 
mixture vr^d not explode except in the direct rajs of Uie stm, 
it has lately been proved by Professor Silliman, tfiit the .diffuse 
^Ught g( day, even when the sun is pbscured, as during a snow 
Btorm, is sufficient to explode it. 

Note.— -Chlorine is placed among the simple substances, in 
obedience to some of the latest and most eminent English au- 
tilOrities. There is however still a dispute an^ong chemical 
philosophers whether it be a simple body^ or a compound of 
^miraiie acid and oxygen. The reader will find the question 
Aflcussed in Coojper^s Thomson's Chemistry, in Ure's Die* 
tkmary of Chemistry,^ in Siliiman's Journal, ana in several of the 
digliBh journals. * 
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6f the simple soubs. 



OF IODINE. 



, 128. The name of this substance is derived froi» 
the colour of its vapour, which is a beautiful violet, 
iodim signifying this colour. Iodine was accident- 
ally discovered at Paris in the year 1&12. So &ir 
M is known, it is a sunple body. Its form ie that 
of scales, resembling those of micaceous irm% ore. 
Its colour bluish black, with a metallic lustre. Its 
taste is very acid and it is a strong poison. When 
applied to the skin it leaves a yellow stain. 

Obs^ This substance is obtained from the ley made frovQ the 
asides of marine vegetables, or from the substances called kelp 
or barilla^ which are impure mineral alkalies. 

Exp. Dissolve the soluble part of kelp in water, concentrate 
the liquor by evaporation, and separate all the crystals that can 
be obtained. Pour the remaining liquor into a clean vessel, and 
mix with it an excess of sulphuric acid. Boil this liquid for 
sometime, then decant, and strain it through a cloth. Put the 
liquid into a small fksk, and mix with it as much black oxide of 
manganese by weight as there was sulpfeuric add. Then at* 
iadi t6 thA mouth of the flask a glass tube, closed at the upper 
e^d, and iq>ply the heat of a lamp to the flask. The iodine sub- 
limes and attaches itself to the glass tube. 

129. Iodine, when heated to about 260 degrees, 
takes the fcrm of a gas of a most beautiful violet 
colour. 

Exp. Put a few grains of iodine into a glass tube terminated, 
l^y a bulb, and stop the other end with a cork If the tube be ' 
f eotly heated at the part where the iodine lies, it sublimes, andT 
ins the tube with the violet coloured gas, which agam attaches 
itself to its sides where the heat is least, in the form of minittf 
•bining scales. When the tube is cold iiothin|[ ^^ai^ m* it 
except the sipall shi|[UQg scales, but whenever it i$ healed H ki 
instantly filled with the violet air, and tbi^ may be repeated aaj 
numl>er of times. 

A more pleasing and permanent instru*. 

C ^ /^^ment would be a glass tube with two., 
'^'^-/balbs, (see fig. 27,) enclosing a few ' 
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IfrakM of iodine, aad henneticany sealed. A combination of 
iodine with mercury has been proposed for a pigment, and a 
certain preparation of it has been used in medicine : in other 
respects it has not been applied to any useful purpose. 

OF PHOSPHORUS. 

130. Phosphorus is an hiflammable substance 
and is distinguished by the following external 
characters. The colour is flesh red ; it is soft and 
easily yields to the knife. It melts at about 90 de- 
grees Fahrenheit, and when perfectly dry inflamed 
at 140 degrees. In the atmosphere it emits a white 
smoke, which is luminous in the dark. 

131. Phosphorus is obtained from the bones of 
animals by a long and intricate process. 

Caution, In making experiments with this substance great 
care is necessary. If it inflames in contact with the skin, it sticks 
close, and cannot be shaken off, and will consequently produce 
a deep burn. Sometimes it will inflame with merely the heat 
of the hand ; great caution therefore ought to be taken in cut- 
ting, or handling it, lest a small piece get under the nail, or oa 
the hand, where it might occasion a serious accident. 

1 32. Phosphorus may be set on fire by friction. 
JBzp. Rub a small bit between two pieces of brown paper and 

it will inflame. 

133. In oxygen gas it bums with a most brilliant 
and beautiful white light • 

Exp. Fill a glass jar, or wide-mouthed vial with oxygen gas, 
and set it upright, having its mouth covered with a plate of glass. 
Prepare a kind of spoon, made of a small piece of tin and a han« 
die of wire. On the bowl of this, place a grain or two of phos« 
phorus ; inflame it, and instantly plunge it into the oxygen gas. 

134. Phosphorus at common temperatures at- 
tracts oxygen from the atmosphere, undergoes a • 
slow combustion, and in consequence gives out ' 
light and forms phosphorus acid. 

' JExp. 1. Wrap a piece of phosphorus in wet paper, to prevent 
the heat of the fingers from setting it on Are ; then write with it 
on a sheet of the purple paper which surrounds tosf Bi^ar. If 
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tmh^ eartiMl into a d^k roont the efaM^aetArdiriili^pear hma^ 
tif«lly l^uninous. After the combustion has eetfed, it ivitt be 
seen that the charaeters are still legible, the colour being de- 
stroyed or chaoged by the phosphorus acad. 

2. Put a piece of phosphorus into a small vial half filled with 
olive oil ; then warm the bottom of the vial so as to iielt the 
phosphorus ; shake the vial now and then, keeping the mouth 
covered* This forms Uquid phosphorus. If the vial is first 
warmed^ bj hoMing it in the Imnd, and then the cork be remov- 
ed so as to let in the air, it becomes so luminous as to show the 
hour of night by a watch. This oil may be rubbed on the face, 
or hands, with safety, and will give a very singular appearance 
in the dark. 

3. Fold a small {uece of phosphorus in a piece of paper ; lay 
it down, and strike it with a hammer. The friction produced 
by the blow will set it on fire. 

4. Take 8 or 10 grains of oxymuriate of potash, and one 
grain of phosphorus ; put them into a mortar and rub them to- 
gether : violent detonations will be produced. In this experi- 
ment, the materials are sometimes thrown out of the mortar : it 
is therefore advisable to protect the hand with a glove, and keep 
the face out of the way. 

5. About half fill an oil flask with water ; put in two or three 
graios of phosphorus and let the water boil. If this is done in 
a dark place, balls and jets of fire will be seen shooting about on 
the surface, affording a very curious spectacle. 

135. Phosphorus combines with oxygen in two 
proportions, forming the phosphorus ana phosphoric 
acids. (See acids.) 

It also unites with hydrogen, forming phosphu- 
retted hydrogen. 

Exp, 1. Make a solution of pure potash 
in water, with which fill a small retort. Put 
into it a few grains of phosphorus and make 
the solution lx)il. Bubbles of pho^huretted 
hydrogen will be extricated and will take 
fire as they come in contact with the air. In making this ex- 
periment, care must be taken to fill the retort entirely full of the 
liquid, otherwise the gas will explode, as it reaches the air in the 
r^ort. The mouth of the retort must be dipped in a hot solu- 
tipii of the same liquid. The most convenient way of making 
tbe expamneat, is to cut a pieoe of wood in a triangular shape, 
as in fig. 28 ; on which the ratort is tp be fastened, while the 
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huk it inHB«M6d in the kot solttttai, uid tke he«t of Ike lamp 
10 apiplied at the piof»er place. 

2. Poar about two ounces of water into a thin glass vessel, 
and put it into two drams <^ granulated ziac, and ten grains of 
phosphorus, cut into small pieces, then add two thirds of an 
ounce of strong sulphuric acid. This affords a very amusing 
experiment. Bubbles of phosphuretted hydrogen cover the sur- 
&ce of the water, taking fire as fast as they reach the air. 

136. PbosphoruB combines with the fixed alka* 
lies and earths, forming a class of compounds call- 
ed phosphurets. 

Obs. Among these compounds the pkospkuret of lime^ pos« 
aesses the curious property of giving out phosphuretted hydro- 
gen whenever it is thrown into water. 

Exp, To prepare phosphuret of lime, take a glass tube about 
12 inches long and half an inch in diameter, stopped at one 
end. Pot first into the tube about a dram of phosphorus, and let 
it occupy the end that is closed. Then hold the tube horizon- 
tally ana push into it with a wire, pieces of fresh burned quick 
lime, about the size of split peas, until it is nearly full, tsiking 
care that the lime does not reach the phosphorus by an inch or 
two ; then stop the mouth of the tube loosely, to prevent the free 
access of air. 

Next heat the part of the tube red hot where the lime is, by 
means of a chafing dish of charcoal, taking care to keep the 
phosphorus cool ; when the lime is red hot, bring a hot iron, or 
lamp, under the phosphorus, so as to suMime it and bring the 
▼apour in contact with the red hot lime. The lime and phos- 
phorus will unite and form a compound of a reddish brown co- 
>kMir. This is phosphuret of lime. 

If a few grains of it be thrown into a glass of water, bubbles 
of phosphuretted hydrogen are soon extricated from it, which 
take fire, with a slight explosion, as &st as they reach the sur- 
face, affording, except the smell, a very beautiful experiment. 

Obs. It will be observed that water was used in all the above 
experiments, where phosphuretted hydrogen was obtained. It 
is by its decomposition that the hydrogen is extricated. In the 
first experiment, the oxygen of the water uniting with the phos- 
phorus, forms phosphoric acid, which is absorbed by the alkali, 
while the hydrogen being set free, unites with a quantity of the 
phosphorus, forming phosphuretted hydrogen. 

In the next experiment, the hydrogen is furnished by the de* 
composition of the water, by the zinc and sulphuric acid. 
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The pbospburet ofUiiiedeooinposei^tb^ ivator ^r ofiitiijlg witk 
its oxjf en, while the hydrogen aaites to n quantity of |>hoiq>hQ*, 
rus, as above. 

137. Phosphorus readily combines with sulphur, 
forming aphosphuret of sulphur. 

138. In the natural state, phosphorus is found 
combined with lime in the form of an acid, forming 
phosphate of lime, which is the composition ot 
bones« 

OF SULPHUR. 

139. Sulphur is a well known substance of a 
yellow colour, without much taste and without 
smell, unless it is heated or rubbed. So far as is 
known, it is a simple body. It exists in nature in 
great abundance, being found in the animal, vege- 
table, and mineral kingdoms, but chiefly in the 
latter. 

Obs. The sulphur of commerce is chiefly dug out of the earth 
in volcanic countries, or in the craters of extinct volcanoes. It 
is deposited in these places by sublimation^ being brought up by 
the heat from the depths below, where it existed in combination 
with metallic substances. It is also obtained, of an inferi^Hr 
quality, during the process of refining cq>per ore. 

140. When sulphur is heated to a little above 
the temperature of boiling water, it melts and be- 
comes, completely fluid. But it is a singular fact, 
that if the heat be raised much above this, it again 
becomes solid, and becomes fluid again as the 
temperature is reduced. 

If after it is melted, it is suffered to cool, it shoots 
into crystals. 

14L When sulphur is in complete fusion, if it is 
poured into water it becomes soft: and tenaciotis 
nke wax. 

Obs. la this state it is made use of to take impressions from 
medals and engraved stones, and as it soon becomes hard, H wiU 
retain the impression for any length of time. 
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\4^ Yfhm wlph«r mevfomA <0 a beat ef 
aboQt 300 degrees, it subUma^ or is converted into 
rapour. 

ws. In tills state it is called JUnoers of sulphur, and differis 
fVom brimstone only in being more pure, and in a stale of mi- 
note division. 

143. Sulphur combines with the earths, alkalief^ 
and metak> and fbnnsacla$B of compounds called 

144. It unites to oxygen in two proportions and 
forms two acids, the 9t^phurov>s &Qa sulphuric. (See 
acids.) 

146. It unites with hydrogen, forming sulphu^c^ 
iedh^rogm. This substance is extricated from 
animal substances durir^ Uieir daeompo8itk)n^ and 
is chiefly the cause of the disagreeable smell. 

OF CARBON. 

146. Carbon is a constituent of all vegetable and 
animal substances. When perfectly pure and 
crystalized, it constitutes the most costly of all sub- 
stances, the diamond. 

06^. If carbon could be crystalized by art, the diamond 
would immediately lose a great part of its value. But as yet 
this has been effected in the laboratory of nature alone 

147. The method of making charcoal is by sub- 
mitting wood to a red heat, having it covered from 
the contact of the air. 

Exaa^U. Eiqpose wood of any kind, strif^d of its bark» to a 
xed heat in a close vessel, till vapours cease to issue, and you 
obtain a black, opake, brittle substance, easily reduced to pow** 
der, and without taste or smelL This is charcoal. 

Oii* If you pound it and wash away the salts it may contain 
by diluted muriatic acid, and afterwarcb, by repeated effiisions of 
cold water, and then dry it at a low red heat, you obtain it suf* 
ficient)y pure for experiment. Common charcoal, dried in an 
#yen, will do, where great nicety is not required. 

148. Charcoal is fixed in the fire, no degree of 
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lueftt being aBl* to produce wkf ehstnge on^' bq 
long as the air is excluded. *• 

Obs. When newly made, it will absorb about 90 times its owa 
bulk of ammoniacal gas, and cdrtain, but less quantittes, df aiff 
other gaseous substance. 

149. It attracts from the air a quantity of watef, 
which it strongly, retains. The powder of fresh 
charcoal, is strongly disposed to unite to tiie odor- 
ous particles of bodies and the colouring matter of 
vegetables : hence it may be employed to correct 
tiie bad smell of corrupted Wi^er« of oiled silk ham^ 
of ill-conditioned ulcers, and of decayed teelf, 
when used as a tooth powder : it is employed to 
deprive vegetable infiisions and other substances 
used in chemistry, of their colour, and for giving 
mellowness and maturity to newly distilled -spmis. 

Obs, Its principal use is as fitel, but H alwajs ought to fob 
remembered, that the gas which arises from burning charcoal, is 
the most insidious 'and deleterious that can be inhaled. - 

150. Charcoal, when perfectly freed frdtn saline 
and earthy matters, may be considered as pure 
carbon, difiering from the diamond only in form 
and colour. 

151. Charcoal has the qimlity of renderiag]^ 
trid substances sweet, and preserving animaLsul^ 
BtaAces from putrefaction. 

IBiiS, 1. Let putrid water, as from a ditch, be passed through 
% iew inches in depth of pulverized charcoal. It will come 
throurh perfectly sweet, and fit to drink. 

2. Finely powdered charcoal is of peculiar efficacy as a dsn* 
'tiifice, its particles being sufficiently hard to remove the concre- 
tions from the teeth, without hurting the enamel, wUte at ttie 
same time it 4eftroys the fetor arising from a carious tooth. 

3. If meat that is a little tainted be rubbed with fine clNyrcoal, 
it becomes sweet. Fresh meat may be preserved for a conoid* 
eraWe time, if surrounded with pulverized charcoal. 

For all the above purposes, it is understood that the charcoal 
is to be fresh j^epared^ finely pulrerized, «id perfectly dry. 
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#rdinaiT temperature^. • 

XOtts. It is staled by Mr. Watson, that the beams of the thea- 
tre at Hercalakum, which were coaverted into charcoal abov^ 
1700 years ago, are still as entire as if this event had happened 
•Dly yesterday. It is. also said, that there still exists charcoal 
made of corn m the days of Caesar, which is in so perfect a state, 
that the grains of wheat can be distinguished from those of rye. 

153. Carbon unites to several substances, form- 
kiga class of compounds called carburets. 

lUus. The substance used fer pencils, and imprq>eriy cidted 
Uack Uad^ is a carbmret of ifon, and eontaiQs about ten partaof 
^rbon to one of iron. The name black lead was given it long 
belbre its real composition was known. Steel is a carburet of 
iron, or a compound of iron and diamond ; hence its hardness. 
1^ conversion of iton into steel depends on a quantity of car- 
bon which H absorbs from the charcoal when it is heated. Ckam 
iardemng is the superficial conversion of the surfi&ce of iron into 
iteel, 1^ heating it in contact with animal carbon in close vessels. 
Bar iron is converted into steel in the same way ; only that pow* 
dered charcoal is the substance in which it is imbedded. 

154. Carbon is the base of carbonic acid. 

^ IBus, When a piece of charcoal is burned, the otygen of the 
atmosphere unites to the carbon, ibrming carbonic acid gas. It 
is the same kind of gas which is formed during the fermentar 
lion of liquors, as beer, d&c. and Which give them ^idr agreea- 
btoTsmattoess and poag^Bcy. 

155. Carb(«- 
ic acid may be 
obtained for the 
puipose of ex- 
p^riment,by ex- 
tricating it from 
its natural com- 
binatibh with 
lime, or marble, 

JSzj9, For this pur- 
pose, introduce pure 
w^te niarblej in 
small fTag:roents, in- 
to the two-necked bottle a; then pour down the funnel b some 
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Effervesence will immediately enmie, aod the ga% j^mujiml 
tbroagh the boat tube € wiU pags into thf jaf (^^ which is inverted 
ia a water bath. ^ 

156. This gas is inearly twice as heavy, bulk for 
bulk, as atmoi^f^ieric air. It wiU neidier m{]pOFl 
flame nor animal life. 

lUus. I, Cdtinterpdse a large fmmel of paper in a pair of 
scaled, and pour carbonic acid into it from a vessel as you would 
do water, and the descent of the bahtnee wiU i^ow that tfus gas 
is hi^tvi^ than atntKH^herie air. 

^. Place a shertpteoe of taper or^sandHebimiuig, oil tile bot- 
tom tof a deep tnmbler, abdpbur mto the tnmUer some Garbonie 
aoid, as you would water. The Aam^ will instantly be extin-i' 
guished. 

8. Ifaa aninal be ecmfined in ^lis gas it dies in a few mkK 
Utes. . 

Ofo. When air is so foul te to extinguMi a bomii^ body, no 
aaioMd «»aJfve in it ; fad&ee, When tlwre is treason to suspect 
tte {mMince of earbeme adid in we^s, o» Other plaeed, a figfal 
ought to be mttfochieed befcoeie aay person ?entorei* If Ihe Ug H 
is extinguMsed, a few bncjiets of lime wat^r thiown down will 
mbsOTb die o^booiic acid. Sucl^ precaution would frequently 
save the tives of persons, and ought always to be adopted, whem 
theM is the least j^obability that foul air mi^ht exist. 

157. Carbobic ftoid coiabij»^ widi earths^ alkar 
lies, and metallic oxides, and fcmnsadaasof €Ofib« 
pounds called carbonates. 

IZfees. Aidong ttese compounds, carbonate of lime is the most 
ftxtensive and iaa(MBrtant. Limestone, marble, and chalk, are of 
this hind ; they are composed of lime, united to carbonic acid. 
Their mildness to the touch and taste, depends on this union, 
fifr wherever Ais is driven off, as is the case in the preparation 
tf<}iUGlclbne,therb' remains a caustic, acid substance. 

Id8. Cansticr lime absorbs carbonic acid, and^ 
ftims witfeit carbonate o/Kme. 

iR&«9. Prepare f9bme lime water, by pouring hot water on a* 
lump of unskcked quidclime. From a bladder, furnished with 
a pipe atid filled ^ith carbonic acid, force some of it through a^ 
vessel df lime wati^r. "Bhe water will instantly become tuni^, ' 
and if stffi^red to stand, will deposite a white powdter. If Hie 
i^ter be entiorited ^d this .pow4er obtained aitd examined, it 
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will be Ibo^ Ujeetgfrmee mih acids, and to have dl'tfae othet 
properties of cbialk. 

169, Carbonic acid is formed during the process 
of respiration. 

Exp. By means of a tube blow some air from the lungs into 
a Tessel of lime water. It will become turbid, and if suffered 
to stand will deposite carbonate of lime. 

160. Carbonic acid is absorbed by growing 
plants ; the carbon being retained to form the 
bulk of the plant, while the oxygen is again emit- 
ted. 

lllus. It is found, that if a sprig of mint or any other vigorous, 
plant, be confined in a mixture of atmospheric air and carbonic 
acid, the acid disappears, and is replaced by the same quantit]^ 
of oxygen gas. Thus, then, the plant absorbs the gas, retains 
the solid carbon and returns the oxygen. Plants growing in 
the <^n air, obtain their carbon from the air of the atntos}£ere 
which always contains a proportion of carbonic acid. 

161. Carbonic acid is formed during the {ermm^ 
tation of beer and other substances. 

lUus, It is this gas which gives the sprightly taste to beer; 
porter, &.o. It is generated by the fermentative process, and 
ftequenUy in snch quantities as to burst bottles and casks. 

OF THE METALS. 

162. The metals are the most numerous class of 
undecomjposed bodies. They are distinguished^ 
by peculiar properties. 

163. They possess a peculiar lustre, which con- 
tinues in the streak, and in the smallest fragments. 

164. They are fusible by heat, and in fusion i^e- 
tain their lustre and opacity. 

Obs. All the metals are nisible at certain degrees of heat, 
eaoh having its fusible point, which differs from that of the rest. 

165. .^1 the metals except seknium are excellent 
conductors of electricity. 

166. Many of them may be extended ntiAet Ib^ 
hammer, and are called mfdUabk ; or under the 

8 
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riXIsng press, and are called kmmaik ; or may ^be 
drawn into wire, and are called ductile. Others art 
neither to be drawn under the hammer, nor extend- 
ed bj pressure, but may be ground to powder in a 
mortar ; these are called brittle metals. 

167. The metals are capable of combining with 
each other, when melted, in any proportion ; such 
compounds are called alloys. 

Ohs, The closeness of their texture, their ductility and ina]i' 
leability, and the power they have to reflect light when polished, 
fit them for being converted into various utensils, both for the 
purposes of common life and the different arts. 

168. The metals, with few exceptions, are the 
heaviest of all bodies. 

Ohs. The BefHy discovered meUls fota&dtim aad s$dium^ 
airim-os water* The lightest amoBg Uie other meiala 13 tw^ 
which bulk for bulk, is about seven times heavier ibmi wateK» 
Hammered platina is twenty-three times heavier than water. 

169. The metals differ in their degrees of brijjr 
liancy, colour, density, hardness, elaMicity^ ductil* 
ity, tena<*ity,.conductifaility for caloric and eleetri^ 
city, dilatibiiity, fasibility, stability, odour, and 
taste. 

Ohs. None of the metals, except gold, transmit light This, 
when hammered so thin as to take twenty-eight thousand layers 
to make an inch in thickness, if held hetw^en the eye and the 
light transmits the green rays. 

170. The extensible metals, as gold, silver, Sid 
in whatever manner iheir surfaces are increased, 
if this be done with rapidity, grow hot, and cru^ 
ble under the hammer or press,, and fin$|i|y refuse 
to be extended any further. It then becqmes ne-i 
Qesflaij to submit tb^iitoa redb^, wbunih^y 
^ain recover their maHeabilify» Thk process » 
called mmeaUng^ and none4>f the metals, can be ex- 
tended to any considerate d^^ree^withoi^'bekig^ 
frequetrtly heatedi . ' ^^ ^ *' 
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nt. AiX matak are converted into a fiidd state 
by a sufficient addition of caloric. 

lUus, The degrees of heat at which metals take the fluid 
itate, are extremely different Platina is not to be melted by 
the most intense heat of a forge ; by the heat of the compound 
blow-pipe, charged with oxygen and hydrogen, or by the indu* 
ence of a powerful galvanic battery, this metal is fused, and 
takes the liquid form. On the contrary, mercury is in a state 
of fusion under all common temperatures, and only takes the 
solid form when it is exposed to a temperature as low as about 
40 degrees below the zero of Fahrenbeit. 

172. The metals, except gold, platina, and sil- 
ver, undergo a singular change, on exposure to 
the air and moisture, or to air and beat They 
lose their tenacity, and crumble into powder ; ana 
at the same time lose also their metallic splendour, 
but increase in weight; In this state they are call'* 

Obs, This increase of weight and loss of metallic splendour, 
does not occur when the met^ is kept in a vacuum, but is found 
to adse from the oxygen of the air or water, or from both, whicli 
imiteB with the metal, and produces the change in question. 
Thus iron, when exposed to the open air, and to moisture, spon? 
taneously absorbs oxygen, and is converted into a brown friable 
matter, called rust, Thid is an oxide of iron. 

173. Many of the metals have so strong an at- 
tachment to oxygen, as to part with it with extreme 
difficulty, being always united with it in the natural 
atate. 

Vhts, Manganese is always found in the Btate of an oxide^ aiud 
it is only by some of the most powerful agents, that this can bt 
extricated so as to present the metal pure and in its metallic 
•tal^. This is the case with several otb^r metals. 

174. Some of the metals are oxidized with diffi* 
*iulty, but they all unite wkh oxygen at sufficient 
degrees of heat. Hence the metals are all of them 
combustible bodies. 

JBxmmpk h Ooid, platiaa, tod sikfr, «r0 cipaUe of being 
burned, and converted into oxides, by beuig aubmilted .to tht 
action of the compound blow-pipe, or the gcuvanic battery. 
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Of MBTAL9. 

2. Coi^r becomes oxidated -by betng made red hot, and ex- 
posed to the atmosphere in that state. 

3. Coiled iron wire, when heated for some time to redness in 
the bowl of a tobacco pipe, loses its metallic splendour, and 
crumbles into rust, or oxide of iron. 

4. Antimony, being exposed to red heat, on an iron plate, and 
a stream of oxygen gas pressed from a tube attached to a bag 
containing it, upon its surface, becomes converted, with a beau- 
tiful appearance, into oxide of antimony. 

6. Zinc, exposed to a red heat in a crucible, is first melted, 
then converted into an oxide, and finally the oxide sublimes, oc 
rises in the form of vapour, and attaches itself to the sides of the 
crucible, in the form of a beautiful white powder. 

175. Metals are iiot soluble in acids in their 
metallic states, but when first combined with oxy- 
gen^ they are dissolved in acids with great facility. 

lUus. Gold will not dissolve in nitric acid, because this does 
not part with its oxygen with sufficient facility to form an oxide 
of the metal. But if a quantity of muriatic aoid be added io til6 
ftitric, the gold instantly begins to dissolve, or enter into eolu* 
tion, because the muriatic acid imparts its oxygen to the gold» 
with which it forms an oxide, and which is mstantly dissolved 
by the nitric acid. 

2. If a piece of zinc be thrown into some strong sulphuric 
acid, it will remain undissolved ; but if three or four parts of 
water be added, the metal is attacked with great violence, and 
soon dissolved. In this case the water furnishes the oxygen, by 
which the zinc is oxidized, and it is then dissolved by the acid. 

176. The weight of a metal is increased by be- 
ing converted into an oxide. 

lUus. If 100 pounds by weight of lead be melted in the open 
sir, and kept in fusion, it gradually absorbs oxygen and is con- 
v«rted into redlemdm minium. During this process,* the lead 
acquires an accession to its weight of about 10 poinds to the 
100, which is the weight of the oxygen, the metal had absorbed 
to convert it into an oxide. 

2. Weigh a coil of iron wire accurately, and then burn it ia 
oxygen gas, in the way formerly described. Then weigh the 
oxide formed by the burning, and it will be found to weigh more 
than the wire did. When the iron and gas are both weighed, 
the gas is found to have loet exaolly wiMit k gained bjr th» mm. 

177. Metals, after beitig "converted to oidtfe»| 
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laat again be revived^ or brought back to their me- 
tallie state. This process is termed reduction. 

lUus, This depends on an operation opposite to that of oxi- 
dation, and is effected by the addition of substances which have 
a greater attraction for oxygen than the metals have. Thus 
carbon has a stronger attraction for oxygen than any of the 
metals. Mix therefore the metallic oxide to be reduced, say the 
red oxide of lead, with charcoal powder in a crucible, and on 
exposing them to a red heat the metal will be reduced, and ap- 
pear in its metallic form. 

Obs. In the reduction of the oxides of metals by charcoal^ 
there is a quantity of carbonic acid gas formed equal in weight 
to what is lost by the oxide and the charcoal ; because the ma- 
terials of which the carbonic acid is formed are furnished by the 
two substances, the oxygen by the lead, and the carbon by the 
charcoal. 

178. Some of the metals have so feeble an at- 
traction for oxygen, that when they are converted 
into oxides, the actkm of heat akme is sufficient to 
drive off the oxygen and reduce them to the me- 
tallic state. 

lUus, Mercury, by the long and patient application of a. moder- 
ate heat, is changed to the state of a red oxide. If this red 
oxide be exposed to a higher degree of heat, the oxygen aban- 
dons it and flies off in the form of oxygen gas, while the oxide 
is reduced to a metal. 

It is on this principle that oxygen gas is obtained from black 
oxide of manganese, which being exposed to a red heat, in *» 
gun-barrel or iron retort, yields it in abundance. 

179. The metals unite with sulphy»^, pliospho- 
rus, and carbon, forming compour.oa'called suhfrn^ 
retSf-phowhuretSr^a^ 4iarbur!^^. 

180. Of all the inflammable bases, sulphur ap- 
pears to have the strongest affinity for metals, and 
its combinations with some of them are attended 
with renMtrkaUe phenomana. 

£191. Introdunt into « Fkieiioe fltA, tbfee parts ef iron fit 
i«gier eepper itega^ Mid one ptrt of floineni of solphur mixe4 
t^ffther. Thmeerk upi iWOnk and plaee it ever a lamp, so 
*M te heat it alowlj. AteooD •• an; |«daett appeif^ iei(io?e. 
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the fl*8k from the fire ; incand^oence will go on, the mixturr 
glowing with red heat, which in the dark exhibits a very beaut^ 
M ai^arance. 

Obs. As this experiment can be made without the presence, 
of oxygen gas, it was formerly considered an objection to the 
doctrine, that oxygen is the sole supporter of combustion. But 
the experiment can be explained on the doctrine of latent heat ; 
for when the vessel is broken, it is found that the two bodies 
have united and formed a solid (impound, viz : a sulphuret of 
iron or copper. The latent heat, therefore, which the two sub- 
stances contained, was given out in consequence of their pas- 
sage into a more solid form. 

181. When a metal enters into solution with an 
acid, a compound is formed, which differs entirely 
from either of these two substances. This com* 
pound is called a metallic salt. 

Obs. When a metal enters into solution with an acid, the 
aeid remains transparent as before. This circui»itaBce serves 
Uidistiogi^b oheipical sdution from .mechanical iwUave, which 
is always turbid. 

Exp, Pour concentrated nitric acid on some granulated zinc, 
taking care not to respire the vapour. The solution will be 
transparent. 

0^5. As the metal dissolves, red fumes are emitted in abun- 
dance ; these are nitrous acid gas. The acid is deconuposed 
and the metal is oxidated at the expense of that portion of oxy- 
gen which constituted nitric acid; the consequence is, that the 
?r^«*5 Qf this portion of oxygen converts the nitric acid into nitrous^ 

Iscjg, which flies off as fast as it is produced. 

ISaT^i^fiJ^^t^l''^^ ^^^^ ^^ much employed in 
the arts ai^Tnrfi^icii^e- 

lUus 1 . Sulphate ofl&dfi^ what is called copperas, and sul- 
phate of copper caned bhemimli 9,re of iiidiq>en0aUe aseiii 

the art of dyemg. • ^^^^ ~ ~ • ,. ' ' V. 

2. Calomel, tarUrized antimony, corrosive sublimate, wwe. 
vitriol, sugar of lead, and many Other metallic salts wre used^in 

inedicine ^ ^ „, . , ,, . 

Obs, The metals while in the metallic rttte are iMdhible uy 
the stomach, and consequcB^y MV«iitifely Inert as niedieinef. 
Thus mercury or silver may be swallowed, without |»o^ei^ 
any other than mecimBioal ae^on m^i^ etonack ; Imt if these 
1^ dissolved in nitrie aoki fotminf atlroto of fMBtenrr and 
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ailrer, they fceeeme poweribl remedies, and if iaken ia over 
doses, strong pmsons. 

1 83, The oxides of metals readily unite by fusion 
♦eith glass, and gire to it all the different tinges, by 
ivhich it is made to resemble gems and precioug 
stones. 

lUus. Oxide of gold, when fused with glass gives it the colour 
of ruby red ; oxide of copper gives it a lively green ; oxide of 
silver the colour of topaz ; oxide of manganese a purple ; arsenic 
an opake white ; cobalt a lively blue : and the several oxides of 
iron under different circumstances, will give all or any of these 
colours, but less vividly. 

Obs, Flint glass contains lead in a considerable quantity ; it • 
renders it soil and more easy to cut, and less apt to break. 
Queen's ware is glazed by litharge. The common glaze for 
stone ware is galena (sulphuret of lead) or common salt and 
Uack oxide of manganese. 

184* When two or more metals are fused togethf^ 
er, they enter into chemical combination and form 
an alloy. These compounds differ greatly from the 
original metals of which the v are formed. In gen- 
eral the specific gravity of the alloy is greater 
than that of either of the metals, and it is also 
itaore easily fusible. 

lUus. 1. Two bullets of copper, melted with two of tin ot 
equal bulk, form about three bullets of the same size ; but these 
three weigh as much as the four did in a separate state. 

Obs. This may be accounted for, by supposing that the pai^ 
tides of the two metals enter into a closer unicm with each other 
when combined, than those of either did when in a separate 
state. 

iJ. If eight parts of Usmnth, five of lead, and three of tin be 
melted together, they form an alloy which fuses in boiling 
water. 

Obs, This affords a very striking instance of the changes 
which the metals undergo by a chemical union with each other. 
In a separate state bismuth fuses at 460 degrees, lead at 459 
degrees, and tin si41O(itgree0 ; kit when comluiied the alloy 
fiu^ SA 212 degrees. 

" Exp^ Make a tea spoon of tbe above aUoy, and let a person, 
who knows nothing of the matter put it to the common use. 
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Whenever kh dipped into a cup of hot tea, the Bowl wHl be 
ndted off. 

185. Alloys are used for soldering, 

ilhts. TbescMer used for gold work is a inixMire of gold vai 
silver, and for silver, a mixture of silver and copper. Plumber'* 
solder is made of two parts of lead and one of tin fused together. 

Ob$, While other metals are joined by soldering, iron and 
{^tina are joined by wMing. 

186. Compounds of metals are observed to ox- 
idize more readily than the metals separately. 
This is also the case whenever two metals touch 
each other. 

* lUus. The copper sheathing of vessels, is soon oxidated where 
the iron nails are driven through it. If quicksilver Is rubbed 
on tin, the brilliancy of both is soon destroyed. 

Oha. These effects depend on the galvanic acdon which ^e 
metals have on each other. 

187. Nature rarely presents any of the metate 
in a state of purity ; gold, platina, and silver ex- 
cepted. They are generally found in the state of 
ores^ being chemically combined with sulphur, 
phosphorus, carbon, acids, etirths, or oxygen. 

Obs, Metals in the state of ores are said to be mtneralizei 
vmAt ^ snbstance with which they are combined. Thus lead 
ift commoni^ found combined with eulpbar, the lead t^^i is 
teinerali^ed with sulphur. 

188. The methods adopted for extracting the 
metals from their ores, depend on the nature of the 
mineralizing substances, and the kind of ore to be 
operated on. 

lU^. Ores of iron, lead, and zine, and some qiecifs of cop- 

Er require nothing but an intense heat in a charcoal Ih^. 
ercury when combined with sulphur, requires to be distilled 
with filings of icon.; the iron combining with the sulphur forms 
a sulpbucet.of iron, while the mercury b^g disengaged, is easily 
Stained. 

189. Seme of the metaik aie ti/i^JEMk^ that is^ 
may be drawn under the hammer. Others are 
hittk and may be easily reduced to a powder in a 
mortar. Some are easily fused, others are melted 
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with great difficulty. Some are called refractory^ 
because they have never been entirely deprived 
of their oxygen. 

Ohsn The above properties make it ooarenient to throw the 
metals into four distinct classes 

nius. Class 1st, comprehends the malleable metals, which 
are fourteen in number, viz. gold, platinum, silver, mercury, 
palladium, rhodium, iridium, osmium, copper, iron, nickel, tin, 
lead, and zinc. 

Ohs. Mercury becomes solid and malleable at 40 degrees be^ 
low zero. 

Class 2d, includes such metals as are brittle and easily fused, 
viz. bismuth, antimony, tellurium, selenium, and arsenic. 

Class 3d, includes such metals as are brittle and difficultly, ' 
fiised. These are cobalt, manganese, chrome, molybdenum, 
uranium, and tungsten. 

. Class 4th, includes the refractory metals, so called, because 
they have never yet been exhibited in a perfectly metailic form, 
but always in combination with more or less oxygen. These 
are .titanium, columbium, and cerium. 

CLASS I. 

MALLBABLE METALS. 

^ 19(X Gold is a metal of a yellow colour, of the 
specific gravity of 19, being nineteen times heavi- 
er than water, bulk for bulk. It is soft, very rough, 
ductile, and malleable. 

Obs. Thelimitsof the ductility and malleability of gold are 
unknown. It however has these properties to a greater degree 
than any other known metal. By the weight and measure of 
the best wrought gold leaf, it is found that one grain is made to 
cover fifty-six and three-quarter square inches ; from the spe- 
cific gravity of the metal, together with this admeasurement, it 
follows that the leaf itself is only the two hundred and eighty 
thousandth part of an inch in thickness. This however is not 
the limit to which gold may be extended. The wire which is 
used by the lace makers, is drawn from au ingot of silver pre^ 
viously gilded. 

In this way, firom the known diameter of the wire, or breadth 
when flattened, and its length, together with the quantity of 
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IB only one 12th part of the thickness of gold leaf, though it 14 
still so perfect as to exhibit no cracks when viewed by a micros- 
cope. 

191. Gold is melted at a moderate heat, and 
whea fluid is of a green colour. It remains fixed 
in the fire^ the powerful heat of a glass fumaoe pro« 
ducing no other effect than to keep it in fusion. 

Obs. Other metals, platina excepted, are soon oxidated, or 
tttrtied into vapoiir at high degrees of heat. Gold will remain 
in fusion for any length of time without undergoing any change. 
It may however be brought to the state of an oxide by means of 
a powerful galvanic battery, and gold leaf burns, when introdu- 
ced into chlorine gas. 

192. Gold is not dissolved bj the nitric, sulphu- 
ric, or muriatic acids, separately. 

Obs. The proper solvent of gold is a mixture of two parts o£ 
lUtric, and one of muriatic acid. This mixture is called a^a 
regia, 

Exp, Put nitric acid into one vessel and muriatic acid into 
another, and throw a little gold leaf into each ; no effect will be 
produced ; but if the two acids are mixed, the gdd 19 instantly 
acted on and is soon dissolved. 

1 98. The solution of gold is decomposed by cei> 
tein combustible bodies, which attract the oxygeo 
&am the gold and restores it to its metallic state* 

Exp. h Into a dilate solution of nifro-moriale of gold, eott* 
tained in a glass jar, put a long narrow slip of charcoal, and ex* 
pose the whole to the direct light of the sun. The gold will be 
revived and will cover the charcoal with a coat of the metal, ex* 
hibiting a beautiful appearance. 

Obs, By the assistance of light, charcoal absorbs the oxygcft 
from the oxide of gold, in consequence of which the metal is de- 
posited. 

Exp. 2. Moisten a piece of white tafffeta ribbon with a dfc 
lute solution of gold, and expose it while moist to a current of 
hydrogen gas, ftoln a tube and bladder. The gold will be re- 
duced, and the ribboii will be gilded with the metal. By meant 
of a camePs hair pencil the gold may be so applied ad to exhibit 
regular figures. 

194. Gold is precipitated firom its solvent hj 
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tiheft^ b«t Ae oxide is instantly re-dissrohn^fd hy 
the ether, ind forms an etherial solution of gold. 

Ohs. The etherial solution of gold may be applied to the 
gilding of steel scissors, lancets, and other instruments, which 
it protects from rust, at a very small expense. 

JSxp. Into a given quantity of nitro-muriatic solution of gold, 
poor twice as much sulphuric ether, shake them together, ani 
let the vessel stand for two or three minutes ; then pour off inte 
another vessel about one third of the mixture. This will be an 
etherial solution of gold. To gild with it, make a polished 
steel instrument perfectly clean, and dip it into the solution, 
then plunge it into water, to wash off any acid there might be in 
the ether. The instrument will be covered with a coat of gold 
which may be burnished. 

195. Platina is a white metal resembling silver 
in colour. It is the heaviest of all known substan- 
ces, its specific gravity, when hammered, being 23. 

Obs* Platina comes chiefly from Santa Fe, in South America^ 
and consists of small grains or scales, of a colour somewhat 
lighter than iron, and extremely heavy. In this state it is adul- 
terated by several other metals, and requires to be purified be- 
fore it is malleable. 

196. Pure platina is extremely difficult of fusion^ 
but when exposed to a white heat it softens so as 
to be welded like iron. 

Obs. Platina may be meked by exposing it in small quanti* 
ties to Hare's blow-pipe, charged with oxygen and hydrogen 
gases. 

197. Platina is not oxidated by exposure to air, 
or to the continued heat of a furnace ; neither is it 
acted upon by the most concentrated simple acids. 

Obs. The proper solvent of this metal is aqua regia, compos- 
ed of one part of &e nitric, and three of Ihe muriatic acid. The, 
Gokmr of the fluid becomes irst yellow, and as the solution goes 
om, it becomea deep reddish brown. This solution is very cor* 
rosive aad tio^s the skill of a blaokisb brown oolour, 

198. Platina cambines with mo&t of the other 
metals by fiision, and forms alloys possessing vari- 
ous properties. 

. ilbis. It renders silver more hard, but its colour more dull. 
Copper, when alloyed with from l-6th to l-25th part of it, i» 
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02 SILVER. 

rendered of a golden colour ; is much less apt to rust, and re- 
ceives a finer polish. 

With iron it is said to form a compound much esteemed by 
the Spaniards, for the purpose of making gun-barrels, which are 
stronger, and much less> apt to rust than iron alone. 

1 99. Platina is so ductile that it may be drawn 
into wire not exceeding the three thousandth part 
of an inch in diameter. 

200. From its infusibility and the difficulty with 
which it is oxidated, this metal is of great value in 
the arts, and for making various chemical and phi- 
losophical instruments. 

Obs, Platina is a remarkably slow conductor of caloric- Thus 
when equal pieces of silver and platina are coated with wax, 
and heated at one end, the wax on the silver will be melted 

3 1-2 inches in the same time that only one inch is melted on 
the platina. This property of conducting heat slowly has been 
applied to a very curious and useful purpose. If a coil of plati- 
na wire surrounding a cotton wick immersed in alcohol, be 
made red hot, the evaporation and combustion of the alcohol 
keeps it in this state. Thus we have a coil of wire constantly 
red hot without flame, and from which, by means of a match, a 
light may be obtained at any moment. 

201. Silver is a metal which admits of a lustre 
inferior only to that of polished steel. The speci- 
fic gravity of hammered silver is about 11, being 
about half that of platina. In malleability, ductil- 
ity, and tenacity, it exceeds all the metals except 
gold. It is fused in the heat of a common furnace, 
and if the heat be raised to the iiighest pitch, it is 
volatized, or turned into vapour. By slow cooling 
it may be obtained in regular crystals, 

Obs. Silver may be melted and kept in fusion without being 
oxidized ; it is however converted to an oxide by a powerful 
galvanic or electric discharge, and by being for a long time ex- 
posed to heat with access of air, it is at length converted into 
an olive coloured glass. 

202. The proper solvent of silver is nitric acid, 
of which it will dissolve more than half its weight. 
It must first be diluted with water. 
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MSxp. T&fow tome thin piece* of ailter ifitd nitdc acid ; it 
instantly begins to dissolve with effervesence, sending forth eo* 
pious quantities of nitrous gas. The solution is at first blue, but 
if the silver is pure the cofour disappears, and the solution be* 
comes transparent If coin silver be used the solution is green, 
because this is always nU>re or le^s adulterated with copper. 

06s, 1. This solution is extremely caustic and will tinge the 
skin, nails, hair, or other animal matter of an indelible black 
&>lour. 

2. When the solution is concentrated by evaporation and then 
suffered to stand for a few hours in ;a cool place, crystals of ni- 
trate of silver are formed. 

3. These crystals, when fused and cast into cylindrical 
moulds, form the lunar caustic sold by apothecaries. This is 
an extremely caustic substance, and will in a few moments de* 
stroy fleah or skin when suffered to touch it. 

4. Lunar caiMdc, when dissolved in water, forms the indelible 
ink, sold lev the purpose of marking Hnen and cotton clothe. 
It also forms the article sold for colouring hair. 

203. Silver may be precipitated from its solotion 
by other metals, and by the alkakis or the earths. 

Evp, 1. Dissolve some nitrate of silver in pure water, and 
dip into it a clean aaid polished slip of ci^per. The 00i^[>er will 
be covered with a coat of siWer. 

2» Diana* s silver tree^ is made by precipitating nitrite of ail* 
ver horn its solution by means of mercury. liOx together six 
parts of a soluiion of nitrate of silver, and Ibar of a sokitioB of 
nitrate of mercury, both completely saturated. Add a small 
quantity of distilled water ; smd put the mixtwe into a glass de- 
canter, containing six parts of an amalgam made with seven parts 
of mercury uidoneof silv^. In the course of some hours 
there appears small shining scales of reduced ailver, which shod 
out in the form of a tree, producing a very beautiful appearance^ 

3. Prepare some silvering powder as follows. Precipitate 
^ver, from its solution in nitric acid, by dropping into it plates 
of cm^r. Take 20 grains of this powder and mix with it twd 
Aracnms of cream of tartar, the same quantity of common sah, 
and a half a drachm of alum. These articles must be fiiraly pul^ 
verized and weU auXed together. If some of this powder be 
moistened and mUted oa a dei^ polkhed snrfiice of brassor 
copper^ the silveir wSl be precipitated, and the sur&ce will b9 
covered with it In ^is Way the sitmiiig ef candlestsaks^ 6r 
Other articles, where it is worn ^ may be replaced. 

9 
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204. Silver may be precipitated on ivory, and 
revived by the action of solar light. 

Exp. Make a dilute solution of lunar caustic in pure water. 
Immerse in this a slip of polished ivory until it acquires a bright 
yellow colour. Then take it out and expose it to the direct rays 
of the sun immersed in a glass of pure water. It will turn black 
by the action of the light, but if it be gently rubbed, the surface 
will be changed to a bright metallic one, resembling a bar (^ 
silver. 

Ohs. This effect is owing to the action of solar light which 
decomposes the nitrate of silver by depriving it of its oxygen. 

205. A very useful solvent of silver is formed by 
dissolving one part of nitre in about eight parts of 
concentrated sulphuric acid. 

Ohs, This solvent, when heated somewhat less than boiling 
water, will disserve silver, without touching gold, copper, lead, 
or iron : hence it may be used to extract the. silver from old plat- 
ed goods. 

206. Mercury, or quicksilver, is the only metal 
that retains the fluid form, at the ordinary temper- 
ature of the atmosphere. Its specific gravity is 14. 

Ohs, When the temperature of mercury is reduced to 40 de- 
grees below zero, it assumes a solid form and becomes a mallea- 
ble metal. Mercury is not oxidized when pure, at the ordinary 
temperature of the atmosphere. There are several methods, 
however, by which it ' may be brought to combine with oxygen. 

IUu&, Mercury may be oxidized by long continued agitation 
in a lx)tt]e half filled with air, and is converted into a black 
powder called ethwps mineral. 

Another oxide is obtained by exposing the metal for several 
days to nearly a boiling temperature, the air being admitted to 
act on Hs surface. This oxide is red. V 

207. Mercury easily combines with gold, silvier, 
leadj tin, bismuth, and zinc ; more dirocultjy with 
copper, arsenic, and antimony, and scarcely at all 
with platina, or iron. 

Ohs. These metallic mixtures are called amalgams. 

lUus. The gold-beaters make use of mercury as a means of 
obtaining the smaU particles of gold contained in the sweepings 
of the shqp, d&c The sweepings being put Into a elose vessel, 
mercury is pooied in with them, and then the vessel being agi* 



d by Google 



PALLADKftl. 95 

tated, the mercury selects out the particles of gold and forms 
with them an amalgam. The amalgam is then put into a buck- 
skin bag and pressed ; this forces the mercury through the 
pores of the leather, while the gold is retained. 

208. Mercury is applied to a variety of uses in 
the arts, and is ];nuch employed in medicine. 

lUus. 1. Vermillion is prepared by first uniting by fusion, 
mercury and sulphur, and forming a sulphuret of mercury. 
This compound is then sublimed by heat, and then pulverized. 
The powder is vermillion. 

2. The silvering on looking glasses is an amalgam of tin. A 
sheet of tin foil is laid smooth on a slab of marble, and on the 
tin foil mercury is poured until it is about the eighth of an inch 
deep, the attraction of the tin for the mercury keeping it from 
running off. When the mercury is spread equally over the tin, 
a plate of glass is run, or slid on. This is so managed by partly 
immersing the end of the plate in the edge of the mercury, and 
pushing it forward, as entirely to exclude the air from betw^a 
the plate and metal. Weights are then laid on the plate to press 
out the mercury which has not amalgamated with the tin. At 
the end of 24 or 36 hours, the amalgam is found adhering to the 
glass in the manner we see it. 

3. Mercury is the substance, with which barometer and ther- 
mometer tubes are filled. 

4. As a medicine, mercury is employed under a great variety 
of'forms. Among these that oi calomel is the most common. 
This is a suh muriate of mercury. It is prepared by grinding 
in a mortar two parts of muriate of mercury, or what is called 
corrosive sublimate, with one part of crude mercury ; it is then 
sublimed several times, and then repeatedly washed to dissolve 
and wash away any remains of the muriate it might contain. It 
is then fit for use. 

209. Rhodium is a metal which Dr.' WoUaston 
discovered in his analysis of platina. It has been 
obtained only in small quantities, and is of no use 
in the arts, or otherwise. 

210. Palladium is also separated from crude 
platina, and is found native, among the grains of 
that metal. Its colour is white. It is ductile and 
malleable. Specific gravity 10, or 1 1. Sulphuric 
acid boiled with it, acquires^ a beautiful blue, and 
dissolves a portion of the metal 
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0(5. Palladium combines with other metals, and like platina 
destroys the colour of gold, rendering it even in very small quan* 
iities nearly white. It oxidizes with difficulty, and when alloy* 
ed with gold, produces a bard compound, which has been appU** 
ed to some particular uses in the construction of philosophical 
instruments. 

211, Iridium is also extracted from the ore of 
pl^ttina. Its colour is white. It is perfectly infu- 
aible, except by the influence of an immense gal- 
vanic battery. No use has hitherto been made o( 
it Its specific ^vity is 18. 

212, Osmium is obtained from an alkaline solu- 
tion of iridium. It is of a dark grey or blue colour. 
It is infusible. No use is made of ii 

2] 3. CoppEH is a metal of a beautiful red colour, 
and admits of a high degree of lustre. Its specific 
gftivity ie from 8 to 9. Jih malleable^ and may be 
hammered into very tbin leaves* It is also ductile^ 
and may be drawn into wire, which has great te- 
nacity. It fuses in the beat of a common for^e, 
and at a high degree of heat is evaporated with 
visible fumes. 

214. Copper is oxidissed by air. 

JHus. Heat a har of polished copper and expose it to the air. 
It will exhibit various shades of colour, or various degrees of ox- 
idizement, according to the degrees of heat. 

213, Copper combines with several acids and 
forms metallic salts of various kinds. 

lUus. Sulphuric acid dissolves copper at a boilinff heat, and 
forms sulphate of copper, a salt of a very beautiful blue colour, 
known by the name of blue mtriel This is a caustic, poisou* 
oua substance. 

Obs. Sulphate of copper is decomposed by inm. 

Exp, Make a solution of su^^iale of co^)er in water, and im* 
merse in it a polished plate of iron ; the iron will be covered 
with a coat of metaUic copper, 

216. Copper comnmes readily with nitric a<^d, 
20id forms with it a green mU^ which haa the pow- 
er of inflaming tin. 

Digitized byCjOOQlC 



COPPER. 97 

Ezp» Place a drachm or two of nitrate of copper, on a piece 
of tip foil three or ^ur inches square. Moisten«the salt by 
sprinkling it with water, and instantly fold it up including the 
salt in several layers of the foil ; at the same time press down 
the edges of the tin so as to exclude the air. ' In a few minutes 
the nitrate will begin to act upon the tin ; the folds will be 
burst open, and sparks of fire be emitted, and finally it will in* 



Obs, In the above experiment, the nitrate of copper is de- 
v^composed in consequence of the strong attraction which the tin 
has for oxygen, and the ease with which this salt parts with it. 
The oxygen, therefore, combines with the tin with such rapidity 
as to give out sufficient heat to set it on fire. The red fumes 
are in consequence of the abstraction of oxygen from the nitric 
acid of the salt, by which it is converted into nitrous gas* 

217. Verditer is nitrate of copper precipitated by 
carbonate of lime. It is of a blue colour and is 
used as a pigment. 

218. Verdigris is an accetate of copper. It is 
prepared by exposing the metal to vapour of vine- 
gar, or the corroding effects of grapes after the 
wine is pressed out. 

219. Mineral green is prepared by precipitating 
copper from its solution m sulphuric acid, by 
means of caustic potash. 

Ohs. Sulphate of copper is frequently found in streams of 
water running through copper mines. In the island of Angle^ 
sia, this circumstance is turned to advantageous account by 
throwing waste iron into the water, on which the copper is preci- 
pitated in the metallic form. It is afterwards scraped off and 
melted for use. 

220. Copper combines readily with other metals 
and affords several comppunds which are of great 
use in the arts of life. 

lUus, Copper, with about a fourth of its weight of2inc, forms 
hrassy the most useful of all alloys. 

Tutenag is a white alloy of copper, zinc, and iron. Copper, 
with various proportions of zinc, forms Tombac, Dutch GoM^ 
J^rinee Ruperfs metal, Pinchbeck, &c. 

Obs, Copper vessels for culinary purposes are dangerous ; 
the presence of any acid forming with it a poisonoas salt 
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One of tbe best tests of the presence otcopp^t is ammonia; 
wbich strike a beautiful blue colour witluats solutions. 

221. Iron is the most abundant and useful of all 
metals. It is found chiefly among primitive rocks ; 
both animal and vegetable substances also contain 
it Next to copper, it is the most sonorous among 
the metals. Its bluish white colour, its elasticity 
and hardness, we are all acquainted with. Its 
specific gravity is a little more than 7. 

222. It is the toughest of all metals, is less malle- 
able, but more ductile than gold or silver. 

jR/«s. The ductility of iron is such that it may be drawn into 
a wire not exceeding the size of a human hair. Its tenacity is 
such, that a wire only 78-lOOOthof an inch in diameter will sup* 
port a weight of more than 600 pounds. 

223. iron is sometimes found native, but most of 
it is dug out of the earth, where it is found miner- 
alized by oxygen or sulphur. 

Obs. Iron is reduced at a high temperature from its oxide by 
charcoal, and when earth is connected with it, by the further 
addition of lime. 

224. At a high temperature iron absorbs oxygen 
from water. 

lUus, Heat a gun barrel red hot and pass water through it in 
the state of steam. The iron absorbs the oxygen, while the hy- 
drogen passes over in the state of gas. 

225. When iron is exposed to the combined ac- 
tion of air and moisture, it absorbs oxygen at com- 
mon temperatures. 

lUus, The common rust of iron is an 6xide of that metal. 

226. Iron combines with acids, and forms com- 
pounds of various kinds. 

Obs. Among these, tbe sulphate of iron, called also green 
vitriol or copperas, is the most important 

227. When sulphate of iron is mixed with an in- 
fusion of galls, we obtain a black solution, which i» 
a new compound of oxide of iron with the gallic 
acid and tan. 
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IBus. Writing ink lis a gtdhtte of iron, made wi^ tincture of 
galls, and sulphate of iron. 

Obs. The black colour of ink is owing to its combination with 
oxygen. 

Illus. The addition of iron filings to ink destroys its colour 
by obsorbing its oxygen. Characters written with ink after 
this treatment) are at first illegible, but become black as the iron 
acquires oxygen from the air. Writing ink newly made is well 
known to grow more intensely black by exposure to the air ; 
this is on the same principle. 

228. Ink is decomposed by alkalies, by acids, 
and by age. In some instances its colour may be 
restored by adding the ingredient which is lost. 

lUus. 1. The alkalies, as potash, or soda, will destroy the co* 
kmr of writing ; but the colour may be restored by moistening 
the paper with infusion of galls on a camel's hair pencil. 

2. Ink is decomposed by age, partly in consequence of the 
farther oxidation of the iron, and partly in consequence of the 
destruction of the gallic acid. Hence ink stains degenerate into 
iron-moulds, and these last are immediately produced on an 
inked spot of linen when washed with soap, because the alkali 
of the soap abstracts the gallic acid, and leaves only an oxide of 
iron. Hence also the yellowish colour which is produced by 
dipping linen into a solution of sulphate of iron and called a 
copperas colour, is only a precipitation of the oxide of iron on 
the cloth. 

229. Iron combines with carbon in Various pro- 
portions. 

Obs» 1. Steel is a compound of iron and carbon ; the iron 
absorbs the csurbon from the charcoal with which it is heated. 

2. Cast, or crude iron, contains oxygen and carbon. When 
these are got rid <^ by the process of refining, ntalkabU, or bar 
iron is formed.' Iron, however, always contains more or less 
oxygen and carbon. 

8. Cast iron occupies a less space in a fluid, than in a solid 
form. Hence its fitness for castings. This fact depends on 
the crystalline form which the iron takes on cooling. 

230. Nickel is perfectly malleable and may be 
ibrged when hot, and hammered into plates when 
cold. Its colour is white, and intermediate be- 
tween those of silver and tin. It admits of beinj 
finely polished^ and has a lustre between steel an( 
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platina. Its ductility is such, that it may be drawn 
into very fine wire. It cannot easily be soldered 
on account of the oxide which forms on its surface 
when heated. It is one of the most infusible of the 
metals. Like iron, it is magnetic. 

By long exposure to red heat, it is converted into 
a dark brown oxide, which is still magnetic. Its 
specific gravity about 9. At a sufficiently high 
heat its oxides are reducible without addition ; nor 
is it more tarnished by a. strong heat than gold, sil- 
ver, or platina. It ranks, therefore, among the 
noble or perfect metals. 

231. The principle ore of this metal is a sulphu- 
ret. It comes fi"om various parts of Germany, 
where it is found with cobalt. 

Ohs. i. It ^s a curious circumstance, that nickel has been 
found alloyed with iron in all the ^ecimens of stones which have 
fallen from the atmosphere, where these have been analyzed. 

3. Nickel is employed in China in making white copper, 
which is a very beautiftil compound. It has also been proposed 
to make use of this metal in combination with steel, for the 
purpose of making surgical instruments, as such an alloy is not 
liable to oxidize. 

232. Tin.- The properties of tin must be exam- 
ined in the state of grain-tin, or block-tin ; what 
is commonly known by the name of tin being no- 
thing more than iron plates with a thin covering of 
this metal. 

233. Tin has a silvery white colour, wjiich is 
very little altered by exposure to air. It is ductile . 
and very malleable, being easily rolled, or ham- 
mered into thin plates. Next to lead it is the soft- 
est and least elastic of all elastic metals. Its spe- 
cific gravity is a little more than 7. It is easily 
fused, and bends with a peculiar crackling noise. 

234. Tin by fusion unites with almost all the 
other metals. Some of the alloys are of great ira- 
pcMTtance iivcommon life. 
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IBus. With copper, it forms bronze. With antimony, eopoer 
and bismuth, it forms pewter. With an equal quantity of lead it 
forms Plumber^ s solder^ With mercury it forms the silvering of 
looking glasses. 

235. The plates oftinned iron, which commonlj 
go under the name of tin, and of which tin ware is 
made, are prepared by dipping plates of iron into 
melted tin. The tin penetrates the pores of the 
iron, and adheres to it until it is entirely worn off 

Ulus. Dip a clean piece of iron, as a knife blade, into melted tin, 
and it will come out completely tinned, or covered with the metal. 

236. Tin dissolves in the acids, forming solutions 
of various properties, some of which are of much 
use in the arts. 

lUm, The dyeing of scarlet depends on a solution of tin ni- 
nitro muriatic acid. Tin is used to precipitate gold from its so- 
lution in nitro muriatic acid, by which is formed the purple poW' 
der of CassiuSj much employed in enameling. 

237. Lead is of a bluish white colour, but soon 
loses its lustre when exposed to air. Its specific 
gravity is about 11, being among the five most 
ponderous metals. 

^ 238, By the joint action of heat and air, lead be- 
cmnes oxidated, and exhibits different colours ac- 
cording to the proportion of oxygen with which it 
may have combined. 

IBus. If lead be melted, a seum soon forms on its surface ; 
if this is removed, another will quickly succeed ; and in this 
manner the whole of the lead may be converted into the gretj^ 
oxide of lead. If this grey oxide be exposed to a low red heat 
in a furnace, it will acquire a further dose of oxygen, and be 
ccmverted into i^eUow oxide, called massicot. If the heat be 
continued, this yellow oxide will be converted into a red oxide,, 
called red had* 

239, The oxides of lead give out their oxygen 
on the application of heat, or by being ignited with 
combustible matter. 

lUus, 1. Heat some red lead in a gun barrel, or earthen re- 
tort The oxide will be revived, oxvgen gas will be given out. 
ind metallic lead will be found remaming in the vessel.. 
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2. Mix red oxide of lead and charcoal, and ignite the mixture 
in a crucible ; a button of metallic lead will be found at the 
bottom. 

240* Pure water has no action on lead if the air 
is entirely excluded ; but when left in contact with 
water and exposed to the atmosphere, it soon be- 
comes oxidized and dissolved, especially if agitat- 
ed. Hence the danger of leaden pipes and vessels 
for containing water which is intended to be drunk. 

241. Sulphuric acid has no action on lead ex- 
cept when concentrated, and at a boiling temper- 
ature. 

Obs, The insolubility of lead in sulphuric acid, makes it a fit 
and cheap material for lining the chambers in which this acid is 
formed. Vessels for boiling down the weak acid are also made 
of this metal. 

242. Lead is soluble in several acids, and forms 
compounds, some of which are of great importance 
in the arts of life. 

lllu$, 1. When two parts of the red oxide of lead (red. lead) 
are mixed with one of muriate of soda (common salt,) and the 
mixture is made into a paste with water, the salt is decompos* 
ed, and a muriate oC lead is formed, which on fusion affords the 
substance called mineral, or patent yellow. This is much em«> 
ployed as a paint. 

2. When lead is exposed to the fumes of acetic acid, or strong 
vinegar, there is formed a white crust on its surfaee. which is 
called white lead, or ceruse. This substance is soluble in viiie-» 
gar, and when dissolved in it and crystalized, it forms the well 
known salt, acetate, or sugar of lead. The method of manu- 
facturing this salt, is first to expose sheets of lead to the fumes 
of vinegar. This is done by rolling them up and placing them 
in pots gently heated, with vinegar at the bottom. When the 
white crust is formed, the sheets are taken out of the pots and 
immersed in strong vinegar, which dissolves the crust. They 
are then placed in the pots again, and this is repeated untilthe 
sheets ^re destroyed. The sugar of lead is obtained in crystals, 
by evaporating the vinegar in which the plates are immersed. 

Ohs. Lead in its metallic state, is employed for many valuable 
purposes. Houses are covered with it, It is used for aqueduct 
pipes, for making cauldrons, for shot, and bullets, &c. 

243. Zinc is obtained chiefly from the ore called 
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calamine^ or hy>sis cahminmis. It is of a brilliant 
white colour, with a shade of blue. Its specific 
gravity is about 7, the lightest being the purest 
metal. By particular treatment zinc is malleable, 
and may be beaten into leaves, and drawn into 
wire. The common zinc is neither malleable nor 
ductile. 

24.4. Zinc is inflammable in common air. 

Exp, Heat a crucible to whiteness in a forge and throw into 
it small piec^9 of zinc. It will inflame and burn with a beauti- 
ful white light, 

245. Zinc is soluble in the sulphuric, nitric and 
muriatic acids. 

Ohs, Of the salts formed by solution of this metal, that with 
the sulphuric acid is the most important and best known. This 
forms sulphate of zinc, or white vitriol, an article much used in 
medicine. 

246. Zinc is capable of furnishing alloys with 
most of the metals. Of these the most useful is 
brass, as already mentioned under tihe article, 
copper. 

CLASS n. 

METALS THAT ARE BI^TTLE AND EASILY FlTSEl). 

247. Bismuth is of a reddish colour, and is com- 
posed of broad brilliant plates, adhering to each 
other. Its specific gravity is about 10. It breaks 
under the hammer, and hence cannot be consider- 
ed as malleable, but it is ductile, and may be drawn 
into wire. It is one of the most fusible of the met- 
als, and readily forms distinct crystieLls on cooling. 

Ohs, When bismuth is kept in fusion at a moderate heat, it 
becomes covered with an oxide of a brown colour. In a more 
violent heat it is volatile and may be sublimed in close vessels, 
but with access of air it emits a blue flame, and its oxide exhales 
in the form of a yellowbh smoke, which is condensed by cold 
bodies. The matter so condensed is the oxide of bismuth, and 
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the only one with which we are acquainted. This oxide is em- 
plojed in medicine. 

248. The acids dissolve bismuth with efferves- 
cence. 

249. This metal is capable of being alloyed with 
most of the metals. 

250. Bismuth has the singular property of ex- 
panding as it cools ; hence, probably^ its use in the 
composition of printing types, as from this expan- 
sive property, are obtained the most perfect im- 
pressions of*^^ the moulds in which the letters are 
cast. 

251. Pearl white is an oxide of this metal. La- 
dies use it for painting the skin, to which it imparts 
a beautiful white. 

252. Pomatum prepared with oxide of bismuth 
is said to turn the nair black. 

253. Antimony, as it occurs in the shops, is a 
sulphuret of the metal, and consists of 75 parts of 
antimony and 25 of sulphur. 

254. rure antimony is a beautiful metal of a sil- 
very white colour, very brittle, and crystalized in 
the form of plates, or scales, it undergoes little 
change when exposed to the air, at ordinary tem- 
peratures. But when fused, it is easily volatized 
m white fumes, which is an oxide of the metal. 

Obs. The vapour of water, when brought in contact with ig- 
nited antimony, is decomposed with 80 much rapidity as to 
(roduce a series of detonation^. 

255. Antimony is capable of miiting with sach 
proportions of oxygen, as to constitute anacad. 

I&is. The white and yellow Gomponnds of oxygen and aliti- 
many ought to be arranged among aei^ raliier tmm araoiqf ox* 
ides, for each of them combines wkh salafiable baaes. The 
wkite oxide is called msiimoniims and the y«H0w mntimonie aekL 

256. Anthnon? is applied to varioi^ uses in the 
arts, and is employed m mediciae in a variety of 
forms. 
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lUus, 1. The most important of its alloys is that which it 
forms with lead. In the proportion of one part antimony and 
sixteen lead, it composes the metal for printer's types. 

2. When thasnative sulphuret of ^his metal, is slowly roasted 
-in a shallow vessel, it loses most of its sulphur, attracts oxygen, 
and is converted into a ^ey oxide. When this oxide is melted 
with a strong heat, it acquires a reddish colour, and runs into a 
glassy substance, called glass of antimony, 
. 3. The well known substance tartar emetic is a triple salt, a 
tartate of potash and antimony and is composed of about 56 
parts of tartrate of antimony, 36 tartrate of potash, and 6 of 
water. 

257. Telurium. The colour of this metal is of a 
tin-white, verging towards lead grey ; it has con- 
siderable lustre, is very brittle, and breaks with a 
foliated, or scaly fracture. It is fusible below a 
read heat and is one of the most volatile of the 
metals, flying off in fumes at a red heat. When 
heated in the open air, it bums with a sky blue 
Bame, edged with green* This is the lightest of 
all the metals, its specific gravity being little more 
than 6. 

Obs. This metal has heretofore been applied to no use in thQ 
arts. 

258. Selenium, has a grey colour and a very bril- 
liant metallic lustre, and possesses a small, but 
scarcely perceptible degree of transparency. It 
softens at 212 deg. Fahrenheit, and completely 
fuses a few degrees higher. While coohng it has 
a considerable degree of ductility, and may be 
kneeded between the fingers and drawn out into 
fine threads, which have a strong metallic lustre. 
When heated before the blow-pipe it tinges the 
flame of a fine azure blue, and exhales so strong a 
smell of horse radish that a fragment, not exceedr 
inc the fiftieth of a grain is suffiient to fill the air of 
0, large apartment. 

Qb&. \j Selenuua imites with the difiereat metals^ and the 
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union is in many instances attended with ignition. When a 
piece of the compound of this metal and potassium is dropped 
into an acid, there is extricated a gas of very singular properties. 
A small huhble of this gas, not exceeding thft size of a pea, 
when drawn into the nostrils, excited inflammation of their 
membrane, and symptoms of catarrh which did not subside for 
several days. 

% This metal has been recently discovered. It has hereto? 
fore been extracted 6nly from impure sulphur found in Sweden, 
and only in small quantities. Its uses are unknown. 

259. Arsenic. The substance sold by apothe- 
caries and generally known by this name, is a 
white oxide of the metal. 

From this oxide, metallic arsenic may easily be 
procured. 

Exp. Mix five grains of white oxide of arsenic with twenty 
grains of finely pulverized charcoal ; put the mixture into a 
glass tube, ten or twelve inches lo^g, ai^d stopped at one end. 
Apply heat, gradually raised to redness, to the part where the 
mixture is. The charcoal will deprive the oxide of its oxygen, 
and the metal will coat the upper part of the tube. It is a white 
metal, with a lustre npt unlike steel. 

260. By corking the tube air tight it may be prcr 
served in its metallic state for months or years. 
It soon tarnishes by exposure to air. 

Obs, Metallic arsenic is readily fused and is volatized at 356 
degrees. In close vdfesels it may be collected unchanged ; but 
when thrown on a red hot iron it burns with a blue flame and ^, 
white smoke, at the same time a strong smell of garUc is perr 
ceived. 

261. Metallic arsenjic combines with most of the 
metals, forming alloys. 

Eo^. Place a small piece of metallic arsenic between two 
plates of copper, as two cents ; bind the plates together with 
wire, and submit them barely to a red heat. The inside of the 
plates will be stained white. 

262. The white oxide of arsenic, or arsenous acid^ 
is soluble in water. 

lUus, According to some experiments, cold water dissolves 
only a small quantity of this oxide. A thousand grains of water 
l^eing left in eontact with it, dissolved in 24 hours only 2 ir^ 
* 
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g)4ins. But 1000 grains off hot water dissolved about 78 grains 
6f this oxide. ^ 

Obs, Every oxide, and every solution of arsenic is strongly 
poisonous. The pure metal is harmless, but it becomes poison- 
ous in a few moments on exposure to air, and it is probable that 
the metal swallowed would soon become a poison in the stomach, 
in consequence of the absorption of the oxygen there. 

263. Oxide of arsenic combines with the alkalies 
to saturation, and hence it fulfils one of the princi- 
pal functions of an acid. It has therefore been 
called arsenous acid^ and its compounds arseniafes. 

Obs. Arsenic is generally known, and sold in the form of 
white oxide. This is sometimes called rat^s bane, from the cir- 
eumstance of its being used for destroying rats. It is used in 
medicine in the form of FowUr^s solution. This is an arseniate 
of potash, and is prepared by adding a certain quantity of the 
white oxide to a solution of potash in pure water. 

CLASS III. 

IffETAtS THAT ARE BRITTLE AND DIFFICULTLY FUSED. 

264. Cobalt has a greyish white colour, inclin- 
ing somewhat to red. Its specific gravity is about 
7 1-2 ; it is brittle, and easily reduced to powder. 
It is infusible except at extremely high degrees of 
heat 

265. By exposure to the air this metal is tarnish- 
ed, but not oxidated to any extent. 

266. Cobalt is used in the state of an oxide for 
making colours, 

lUus, The blue colour given to China ware, porcelain, glass, 
enamels, &c. is made by the oxide of this metal 

Ezp, Take a small piece of cobalt, or of any of its ores, place 
it on a piece of charcoal with some borax, and apply to it the 
heat of the blow-pipe. The borax will melt and form a bead of 
a beautiful blue colour. This is the most simple and certain 
test of the presence of cobalt, when mixed with other metals. 

267. Cobalt, when dissolved in an acid, has the 
singular property of forming what is called sympa-^ 
thetic ink. 
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lUus, Take one part cobalt, or what is better, the substance 
called zaiTre, and digest it in a moderate heat, with four parts of 
nitric acid. To this solution add one part muriate of soda, and 
then add as much water as there was of the acid. 

Characters written on paper with this solution are illegible 
when cold, but when the paper is carried towards the fire they 
appear of a beautiful blue or green colour. This experiment 
is rendered more amusing by drawing the trunk and branches 
of a tree in the ordinary way, and tracing the leaves with the 
solution of cobalt. In the cold, as in winter, the tree appears 
leafless, but on moving it near the fire or placing it in the sun in 
summer, it will suddenly become covered with the most beauti- 
ful foilage. The green colour is improved by adding to the ni- 
tric acid half its quantity of muriatic acid. 

Obs. 1. The cause of this singular change of colour, is diffi- 
cult to explain. It may perhaps be owing to an additional quan- 
tity of oxygen which the cobalt absorbs when heated, iind which 
it parts with again when cold. 

Obs, 2. ^a^reis*an oxide of cobalt, mixed with some vitrifi- 
able earth. 

When zafFre is fused, washed, and ground to powder, it forms 
the article known under the name of smalts. This is used for 
the colouring of paper, linen, glass, &c. It may be purchased 
of the apothecaries. 

268. Manganese never occurs in the metallic 
state ; the black substance, known by that name is 
an oxide of the metal. 

Obs. The pure metal may be obtained from the black oxide 
by mixing this with powdered pitch, making it into a ball, put- 
ting it into a crucible lined with charcoal, and submitting it 
covered, to the strongest heat that can be raised for one hour. 

269. The metal is of a dusky white colour with 
a specific gravity of 8. On exposing it to the air 
it sooD crumbles into a powder, in consequence of 
its oxidation, and becomes in succession, grey, vi- 
olet, brown, and finally, black. 

270. The black oxide of Manganese has some 
properties which make it the subject of amusing 
experiments. 

lUus, It imparts to Borax, when melted with it, a violet co- 
lour. When this is effected with the blow-pipe on a piece of 
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charcoal, this violet colour may be destroyed by the interior 
blue flame, and again reproduced by the exterior red flame, or 
by a small particle of nitre. 

2. When black oxide of manganese and nitre, in equal pro- 
portion;, are both reduced to a fine powder, and in a state of 
mixture, are thrown into a red hot crucible, the nitre is decom- 
posed, its oxygen being transferred to the black oxide. This 
is called the mineral camelion. 

Exp, Put a piece of this into a glass vessel and pour in a 
small quantity of water. The solution will be green ; a little 
more water will change the colour to bhe ; a further addition 
changes it to purple^ and a still larger quantity to a beautiful 
deep purple. 

This experiment may be varied by putting equal quantities of 
this substance into separate glasses yid adding to the one hot 
and to the other cold water. The hot solution has a beautiful 
green colour and the other a deep purple. 

271. Manganese^ in its metallic state, combines 
with most of the metals, and forms alloys, but none 
of them are distinguished by important properties. 

272. The black oxide of manganese is used by 
chemists for the purpose of obtaining oxygen gas. 
It is also used in bleaching cotton goods. 

Exp, Put some of the black oxide into a flask furnished with 
a tube, pour on sulphuric acid enough to moisten it, then apply 
the heat of a lamp. Oxygen gas will be extricated in ^bun- 
dance. 

Obs, The sulphuric acid combines with the metal, in conse- 
quence of which the oxygen is set free. 

273. Chrome. Tiiis metal is found in an acidifi- 
'ed state, combined with lead and iron. The metal 

may be obtained from either of these ores. It is 
of a greyish white colour, brittle and infusible. 

Obs. The beautiful paint called chromic yellow is a chomate 
of lead. If it is prepared by extracting the chromic acid from 
chromate of iron, which is then united to oxide of lead. 

274. Molybdenum. The most common ore of 
this metal was long mistaken for plumbago, or 
black lead, which it strongly resembles. They 
may be distinguished from each other by rubbing 

•10 
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each on a piece of white porcelain, the trace of the 
molybdena has a greenish tinge, and contains nu- 
merous little scales, while the trace of the plumba- 
go is nearly black and consists of grains. 

Ohs, 1. This metal as well a« chrome, is capa||^ of combin- 
ing with such a quantity of oxygen as to constitute it an acid. 
This is called the molyhdic acid. 

3. The metal molybdena may be extracted from its ore, which 
is a su}t)hnret of the metal. It is of a whitish yellow colour, 
and has been obtained only in the form of small brittle grains. 
It is infusible, and has as yet been applied to no use. 

275. Uranium. This metal was discovered, com- 
bined with a peculiar kind of impure sulphur. It 
has been obtained only in small quantities in the 
form of grains, of an iron grey colour, with consid- 
erable lustre. 

Obi, It is ?ery infusible, and of no use in the arts. 

276. Tungsten has been obtained in small quan- 
tities only ; nature presents it combined with oxy- 

fen and lime, forming calcareous oxide of tungsieiu 
Vom this ore the metal may be extracted by a 
certain process. 

Obs. Tungsten combihes with oxygen in a proportion to form 
an acid, called the tungstic acid. The metal is of the colour of 
iron, with considerable brilliancy. So far as is known, it 10 
useless. 

CLASS IV. 

REFRACTORY METALS. 

277. Titanium, is obtained in the metallic form 
with great diflSculty, and oi course its properties 
hare been little examined. The colour of the 
metal is dark copper red, with a strong metallic 
lustre and infusible. 

Obs, The metal is obtained from its red oxide, when this ia 
etposed U> an intense heat moistened withroil, and surrounded 
by cbaicoal in a ciacibk. The red exide is fooxtd in Qermaof 



d by Google 



CERUM. Ill 

and France, and in man j plaees in this coantrj. Its uses are 
unknown. 

278. CoLUMBiuM. This metal was first extFacted 
by Mr. Hatchett from a specimen of ore found at 
New-London, Connecticut. 

279. The metal is found combined with oxygen 
and iron forming /errMg-mow^ oxide of columbium. 

Obs. This metal has scatcely been obtained in a state of pu- 
rity, it being extremely difficult to deprive it of its oxygen by 
any known means. It is of no use. 

Remark. The metal called Tantalum is of the same with co- 
lumbium. 

280. Cerum was discovered by the Swedish 
chemists in an ore which was supposed to be tung- 
sten. It never has been seen in the state of pure 

^ metal, so that little can be said of its properties. 
It is found in the state of an oxide, oi a red or 
brownish red colour. No use has been made of 
this substance. 

OF THE EARTHS. 

281. Though there seems to be an almost infi- 
nite variety of earthy substances scattered over 
the surface of the globe, yet when they are exam- 
ined by chemical analysis, we find with surprise, 
that all the earth and stones which we tread upon, 
as well as the rocks, and the numerous different 
specimens which adorn the cabinets of the curious, 
are composed of only a few elementary substances, 
the earths being only nine in number. 

282. The alkaline earths are barytes^ strontitesj 
Ume^ and magnesia. The simple earths are sikx^ 
aiumine^ zircon, ghcine, and ittria. 

Obs. 1 . The experiments of Sir Humphrey Davy have ren- 
dered it probable that the earths are metallic coihpounds. After 
his discovery that the alkalies, potash, soda, and ammonia, were 
constituted of metallic bases united to oxygen, the earths were 
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submitted to the same analysis, by which these discoveries were 
made. ^ . 

Barytes, strontites, lime and magnesia, each exhibited traces 
of a metallic nature by this treatment : so that at the present 
time, the writers on chemistry consider the earths as com- 
pounds of a metal with oxygen. The evidence that the simple 
earths are of a metallic nature, is however scarcely sufficient to 
induce belief of the fact. But their analogy in many respects to 
the alkaline earths is a sufficient reason why they should be ar- 
ranged together. 

2. All the earths when pure, are perfectly white. 

283. Barytes. Pure'barytes may be obtained 
from the sulphate of barytes, (a substance found 
in nature) by a chemical process. 

JBxp. Into an iron kettle put one part of finely powdered sul- 
phate of barytes, and three parts of carbonate of potash, (com- 
mon pearlash,) and a proper quantity of water. Let the water 
boil for an hour, breaking down the lumps into which the mix- 
ture is apt to run, with a pestle. A carbonate of barytes will be 
formed, because the earth gives its sufyhuric acid to the potash^ 
while the potash gives its carbonic acid to the earth. This is to 
be washed with bailing water, and then dissolved in dilute mu- 
riatic acid.. This forms a muriate of barytes. 

To the muriate of barytes add ammonia as long as any pre- 
cipitate takes place ; this throws down any metal that may be 
present. Then add carbonate of potash to the clear solution in 
a clean vessel, and pure carbonate of barytes will be precipitat- 
ed. Expose the carbonate to an intense heat, in a crucible sur- 
rounded with charcoal, and the pure barytes will remain, the 
carbonic acid being driven off by the heat. 

Remark, The carbonate of barytes formed in the first pari of 
the process is only in a small proportion to the quantities of the 
materials. 

284. Barytes in a pure form has a sharp caustic 
taste, and like other alkaline substances, changes 
vegetable blue colours to green. It is a strong 
poison. 

285. Some preparations of barytes are used for 
chemical tegts, others are used in medicine. The 
white pigment of miniature painters is pure ba- 
rytes^ 
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Ohs. If a small quantity of water is added to recently prepar- 
ed barytes, it is rapidly absorbed and solidified, producing a high 
degree of heat. 

Illus, Pure barytes is a delicate test for the carbonate and 
sulphuric acids. The muriate is used as a remedy in some 
kinds of diseases, and also as a test. 

286. The base o\ barytes is called barium. 

Obs. The base of barytes was obtained by submitting the 
carbonate to the action of a powerful gsdvanic battery, in con* 
tact with quick-silver. By this means, an amalgam was formed, 
consisting of mercury and barium. This amalgam was intro- 
duced into a bent glass tube, the tube being afterwards filled 
with vapour of naptha. The naptha prevents the metal from 
absorbing oxygen. In this state, heat was applied- to the amal- 
gam until the mercury was driven off. The residium was a 
dark grey substance, resembling a metal ; when this was expos- 
ed to the air, it rapidly absorbed oxygen and fell into a powder, 
which was barytes. 

Remark. Sulphate of barytes is the heaviest of all earthy 
substances. 

• 287. Strontitesj or strontian, is named after 
the place where it was first discovered in Scot- 
l^d. It very much resembles barytes in its ex- 
ternal, as well as chemical qualities. 

Ulus. It occurs in nature in the state of a sulphate. The 
pure earth may be obtained from it by the same process as 
described for barytes, and on mixing a little muriate of stron- 
tian with alcohol, and burning it, the flame is tinged of a beau- 
tiful red, which is not the case when baryatesis mixed with alco- 
hol. These seem to be the principal means of distinguishing 
the two earths from each other. 

The metallic base of strontites is called strontium. It is pro- 
cured by exactly the same process as that described for barytium. 

288. Lime exfets in great abundance in the state 
of a carbonate. Limestone, marble, chalk, &c. 
are of this kind. 

289. When the carbonate of lime is exposed to 
a red heat, the carbonic acid is driven off, and there 
remains a caustic white substance, called quick- 
lime or lime. 
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290. Lime absorbs water with remarkable avi- 
dity, at the same time much heat is extricated. 

Ohs, 1. The heat given out by the slacking of limfe ariseiS 
from the water, which passes from the liquid to the feolid state. 

lUus. Lime will absorb a cdnsidersible quantity of water and 
yet remain dry. Thus the watet becomes solidified with th0 
slacked lime, and forms a patt of it. 

Obs, 2. The degree of heat produced by the combination of 
lime and water is said to be 800 Fahrenheit. It is well known 
that vessels and buildings are sometimes set on fire in this way^ 

291. Lime is very sparingly soluble in water, 
viz. in the proportion of about 1 to 600 {)arts. 

Ohs, Lime water is so good a test of carbonic acid that it will 
become turbid by blowing the air from the lungs through it. 

Remark. The air firom the lungs always contains a quantity ot 
carbonic acid. 

Ohs. When carbonic acid eomes in contact with lime, it is 
absorbed with avidity- The carbonate is less soluble in water 
than lime itself ; the turbidness, therefore, is occasioned by the 
insolubility of the newly formed carbonate of lime. , 

2. If lime water is evaporated in the ordinary way. ih thfe 
open air, the lime absorbs carbonic acid from the air, and falls to 
the bottom of the vessel iii the form of a powder; If this pre- 
cipitate is exposed to the action of aa acid, theS carbopic acid is 
again extricated, a proof that the air contains carbonic acid. 
That the air from the lungs contains this gas, may be shown in 
the same way* 

292. Lime is quite essential to the coihforts and 
conveniences of life ; its employment being ex- 
tended to many purposes for which the^e is no sub- 
stitute. 

Elus. The cement in which bricks are laid for the building 
of houses is composed of lime and fine sand^ The plastering for 
the inside walls is composed of lime, sand, and hair. Lime is 
used in bleaching, for manure, in the process of tanning, &c. 

293. The base of lime is called calcium ; but it 
has never been obtained in suflScient quantity to 
examine its properties. 

294. Magnesia in a few instances has been found 
in the native state., but always in small quantities. 
That sold hy the apothecaries is obtained by the 
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decomposition of sulphate of magnesia, which is 
contained in solution in some mineral springs, as 
that of Epsom, and in sea water. 

lUus. Magnesia is obtained from its combination with sulphu- 
ric acid as follows : Dissolve any quantity of Epsom salt in ^ 
large proportion of soft water, and gradually add to it a solution 
of pure carbonate of potash or soda. This will occasion a copi- 
ous precipitate. The precipitate is collected by passing the so- 
lution through a cloth. This is boiled repeatedly with large 
quantities of pure water. It is then exposed to a red heat until 
a sample of it does not effervesce with acids. This is calcine^ 
magnesia. 

Ohs, in the above process, a double decomposition take? 
place : the sulphuric acid of the sulphate of magnesia, com- 
bines with the alkali, and forms sulphate of potash ;/ while the 
carbonic acid of the alkali joins to the disengaged magnesia, 
?ind forms carbonate of magnesia. The heat drives off the car-? 
bonic acid, and calcined piagnesia remains. 

295. Magnesia is chiefly used in medicine. 
Ohs. It is giten combined with sulphuric acid, forming suh 

phate of magnesia^ called also Epsom salts, j^id in the form of 
calcined and carbonate of magnesia. 

296. The metallic base of magnesia is called 
magnesium. The properties of this metal are un- 
known, it having neyer been obtained in a pure 
state. 

297. Silex^ or silieious ejarth, is the principal con- 
stituent of flints or flinty stones. Uommpn guq 
flints are almost pure silex. 

Ulus. Silieious earth can be obtained from gun iSints or com- 
mon roc^ crystals, as follows . Expose the flints to a red heat, 
and while red hot, throw them into water. This makes them 
brittle. Then reduce them to a fine powder, and mix the powr 
der with four times its weight of parbo^ate of potash, and expose 
the mixture to such a heat as to bring it into a state of complete 
fusion. We thus obtain a compound of alkali and silieious 
learth. Dissolve this in water and filter the solution ; then add 
to the solution sulphuric acid. This will unite with the alkali, 
and the silex will be precipitated, The precipitate being washr 
jed, is silex nearly pure. 

298. Silex is the base of almost all the stpn^v 
fUrbich give fire with steel. 
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lUus, Jasper J quartz, chalcelony, agate, ^c, are chiefly com- 
posed of silex. It is also deposited by vegetation in the bark of 
several kinds of plants. The sand of the sea and of rivers 
phiefly consist of it 

299. Pure silex is a white powder, perfectly taste- 
less and inodorous. It is not acted upon by any 
of the acids except the fluoric. (See fluoric acid.) 

300. Silex in the form of white sand is used in 
the making of glass. 

nius. Glass is made by fusing together certain proportions of 
white sand, potash, and lead. 

301. The base of silex is called silidum^hxii it 
has never been obtained in a separate state. 

302. Alwnine derives its name of alum^ of whidi 
it is the base. 

Ohs. Aluminous earth may be obtained from the sulphate of 
alumine and potash, virhich is common alum, by an easy process. 
Make a solution of alum by dissolving in six parts of boiling 
water, one of alum. When the solution is cold, add a solution 
of carbonate of potash to that of the alum. This will throw 
down a carbonate of alumine, because the alkali unites to the 
sulphuric acid of the alum, while the carbonic acid of the alkali 
unites to the alumine. The piecipitate being washed by agitat- 
ing it in water, and then exposed to a red heat to drive off the 
carbonic acid, is alumine. It is, however, not perfectly pure, 
but will answer for common experiinents. 

303. When alumine is moistened with water it 
forms a cohesive mass, susceptible of being knead- 
ed into regular forms. 

Obs. 1. The tenacity of all sorts of clayey soils, or what is 
called argilaceous earth, &c. depends on the quantity of alumifte 
which they contain. Some clays, as fiillers' earth, are compos? 
ed of little else than this substance. All «oils contain more or 
iess of it ; and in what are called clayey soils it predominates. 
The colour of these soils Is owing to the admixture of oxide of 
iron, vegetable matter, &Cy with the alumine. 

2. Several of the precious stones called gems, consist almost 
entirely of alumine : such are the ruby and the sapphire, which 
contain nothing except this earth and a little colouring matter. 

3. Alumine is the chief ingredient in the clays used in poCte* 
fy. It is also tl» basis of China ware, porcelain, ^c. 

304. The ipet£^llic base of alutniiie is called a|wr 
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mtum. Of the existence of such a metal there is 
only presumptiFe evideDce, the metal having never 
been seen in a separate state : it is therefore chiefly 
from analog that such a metal is supposed to exist 
306. Zircon. This earth was discovered by 
Klaproth in a precious stone from Ceylon, called 
jargon or zircon. It is also found in the hyacinth, 
another precious stone. Like all the other earths 
it has the form of a white powder. It has been 
found only in small quantities, and in no other sub- 
stances except those above stated. 

306. Gluctne has also been discovered in small 
quantities only. It has heretofore been found only 
in a precious stone called beryl, the emerald of Peru, 
and in a stone called gadonoliie. 

Obs. It resembles alumine in several of its properties. In 
others it is different. With acids it has the peculiar property of 
forming a compound which is sweet to the taste. We have no 
knowl^e of the base of this earth. If this is ever discovered 
to be a metal, its proper name will be glucinum. 

307. lUria. This earth has been detected in a 
stone called gadonoliie^ found in Sweden. It is 
white and smooth to the touch like alumine ; but 
is not attacked by the pure alkalies, in which re- 
Sjpect it differs from both alumine and glucine. 
Nothing is known of its base. 

308. Thorina was di$covered by Berzelius, a 
Swedish chemist in 1815. It was obtained from a 
species of ^ the same stone which afforded the last 
mentioned* earths, ^ucine and ittria. It differs from 
glucine and alumine by its insolubihty in liquid pet^ 
ash ; from ittria by its solutions being purely as- 
tringent without being sweet to the taste. 

II 
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OF THE ALKALIES. 



309. The alkalies have all of them an acrid, 
caustic taste ; they are soluble with wa|ter ; they 
form glass with silex by means of heat; they ren- 
der oib miscible with water, or form soap ; they 
change the red colours of vegetables to green; they 
unite to sulphur by fusion ; they dissolve animal 
substances. 

310. The alkalies at present known are four in 
number. Potash, soda, hthia, and ammonia. The 
three first are called fixed alkalies, because they do 
not evaporate in the open air, or at considerable 
degrees of heat Ammonia is called the volatile 
alkali because it flies off in a gaseous form when 
exposed to the air. 

Obs, PoUzsh is so called from its being prepared or boiled 
down in pots. It is obtained by passing water through wood 
ashes and afterwards evaporating the water. 

311. Potash may also be obtained from the lees 
of wine. 

Obs, When the tartar of wine and nitre or salt petre are 
bnrned together, they afford the substance called sedt of tartar. 
This is potash combined with carbonic acid in a tolerably pare 
state. , It is the kind of carbonate of potash most commonly us- 
ed in medicine. SaU rf wormwood is the carbonate of potash, 
obtained by burning wormwood and treating the ashes as above 
described. It was formerly supposed to possess higher medici- 
nal powers than the common carbonate of potash, but differs 
from it only in being more pure. 

312. Potash is used in making soap, and glass, 
and in the process of bleaching. 

Obs, 8oft soap is made with potash, and hard soap with soda. 

Obs, 2. Common green glass is made by fusing sand and 
wood ashes together by means of an intense heat made by dried 
wood. Flint glass is made by f^ng a mixture of gound white 
quartz, or pure white sand, a prqtortion of lead and a smaJI 
quantity of oxide of manganese tck^ether. 

318. Common potashy satts of tartar, salt of worm- 
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wood, and pearl-ash^ are only different names for 
carbonate of potash. 

Obs. Potash combines with two proportiotis of carbonic acid, 
fonning two different salts. The first is called sub-carbonate 
and the other carbonate of potash. In the first the alkali is not 
fully saturated with the acid, but in the carbonate it is supposed 
to be saturated. Some authors use the term carbonate, for 
what is here called sub-carbonate, and bi-carbonate for carbon- 
ate. 

314 Potash has been found to be a compound 
body, consisting of a metal called potassium and 
oxygen. 

Obs. 1. This discovery was made by Sir Humphrey Dayy. 
The decomposition is effected by a powerful galvanic battery. 
For this purpose a piece of pure potash, weighing 60 or 70 
grains, is placed on a small insulated plate of platina, and the 
galvanic influence from a battery consisting of at least one hun- 
dred pairs of six inch plates, is passed through it. The decom- 
position of the potash instantly begins to take place ; small 
bubbles appear at the negative pole of the battery, having a 
high metallic lustre, like quicksilver. These globules are po- 
tassium. 




2. Potassium may also be obtained by the following process : 
A clean and sound gun barrel is bent as shown in the annexed 
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sketch, and covered with an infusible lute between the letters O 
and E (fig. 1) and the interior of the luted part is filled with 
clean iron turnings. Pieces of pure fused potash are then loosely 
placed in the barrel between E and C. A A is a copper tube, 
and small receiver, which are adapted to the extremity of the 
barrel O, and to each other by grinding. This apparatus is 
next transferred to the furnace, arranged as shown in fig. 2, X 
and T, representing two glass tubes dipped in cups of mercury. 
The furnace is supplied with air by a double bellows, entering 
at B, and a small wire basket G is suspended in the. space be- 
tween E and C. The part of the barrel in the furnace is now 
raised to a white heat, and the escape of air by the tube X shews 
that all is tight. Some burning charcoal is put at the end E of 
the cage 6, which causes a portion of the potassa to liquify and 
&il into the low part of the gun barrel upon the iron. Hydror 
gen gas instantly escapes at the tube X, and attention must be 
had to keep the copper tubes A A cool by laying wet cloths on 
them. When the evolution of gas ceases, fresh charcoal is pla- 
ced under the potassa, and so on till the whole has passed down ; 
if ioamuch potassa be suffered to fall at once, the extrication of 
gas at X will be very violent and should be avoided. If the 
space between A and O should become stopped by potassium, 
gas will issue by the tube T (which must always be under a 
greater pressure of quicksilver than at X) and it may be fused 
by applying hot charcoal to the tube, when the gas will again 
appear at X and cease at T. When the operation is concluded, 
the tubes X and T are removed, and corks quickly applied to 
the holes ; ajid when the apparatus is cool, the barrel is care- 
fully removed from the furnace and a little naptha suffered to run 
through it. The potassium is found in globules in the tube and 
receiver A A, and considerable portions often lodge at O. The 
success of this operation is certain, if the heat has been suffi- 
cient, but the barrel, if not carefully covered with lute, is apt to 
melt, and much, if not the whole, of the product is lost. Brande, 

3. Potassium is a metal of a brilliant white colour, like quick- 
silver. It attracts oxygen with extreme avidity. When thrown 
on water, it swims on the surface, absorbs owygen, and instantly 
takes fire, while the hydrogen of the water is evolved. 

Expl The galvanic influence has the power of separating the 
elements of bodies. Thus on exposing sulphate of pota^, (a 
substance composed of potash and sulphuric acid,) to the%ction 
of a powerful galvanic battery, the salt is decomposed and pure 
potash is found at the negative pole, and sulphuric acid at the 
positive. The decomposition of the potash is on the same pria- 
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dpk. Its elemeiitfl are separated, the metal being attra<sted by. 
the negative side of the battery, and the oxygen passing off at 
the positive. 

316. It is stated above, that the substances com- 
monly called potash, salts of tartar, &c. are carbo- 
nate of potash. When potash is divested of its car- 
bonic acid, there remains an extremely active sub- 
stance called pure or caicstic potash. 

lilus. 'Jfo prepare pure potash, dissolve any quantity of pearl- 
ash in twice its weight of boiling water, and add to the solution, 
while hot, an equal weight of lime slacked in six times its weight 
of hot water. Boil the mixture half an hour, frequently stir- 
ring it. Then strain it through a cloth. The potash will 
be in solution. Boil thi» solution to dryness, and immediately 
cork it up. Where potash is wanted for nice experiments, it 
ought to be boiled down in a silver vessel, and re-dissolved in 
alcohol, after which the alcohol is distilled off in an alembic and 
the potash is fused. 

Obs. This substance is called hydrate of potash, because it 
always contains a quantity of water, even after exposure to a 
high degree of heat. 

It is used by surgeons as an escharotic. 

316. Soda is obtained from the ashes of plants 
growing on the sea-coast, and particularly from the 
sahola soda which grows in great abundance in 
some parts of Spain. It abo occurs in the miner* 
al kingdom united with the sulphuric j muriatic^ and 
boracic acids. 

lUus, 1. The substance known in commerce under the name 
harilla is an impure carbonate of soda. It is made by burning 
the plant salsola soda. Kelp is a still more impure substance of 
the same kind, procured by burning various plants growing ia 
the sea» 

2. Borax is formed by the union of boracic acid and soda. It 
is found native in the East-Indies, Persia, &;c. 

317. Sea salt is a muriate of soda. The ocean 
is impregnated with it. 

318. Soda is found in great abundance in Egypt 
in the form of a carbonate. 

319. The article sold under the name of soda or 

!!• 
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carbonate of sodA, is obtained by the decdmposi* 
tioh of sulphate of soda (Glaubers salts) or muriate 
of soda (sea salt.) 

Ulus, The decomposition of the sulphate of soda is effected 
by heating the salt with charcoal and chalk in a furnace. By 
this means the sulphuric acid is disengaged, while the soda ab- 
sorbs carbonic acid from the charcoal and chalk. Thus a car- 
bonate is formed instead of a sulphate.- 

The muriate of soda is decomposed by mixing with its solu- 
tion in water, a solution of the carbonate of potash. Both these 
salts are decomposed. The muriatic acid of the muriate of 
soda, unites with the potash, forming a muriate of potash, while 
the carbonic acid of the potash unites' to the soda, forming car- 
bonate of soda 

320'. The caustic or hydrate of soda may be ob- 
tained by following the process already described 
for potash. 

321. In most of their properties potash and soda 
resemble each other. When pure they are both 
equally caustic, destroying the skin and flesh of 
animals, when suffered to touch them only for a 
few moments. They both form soap with oils, 
that made with soda being hard, and tnat with pot- 
ash softs* They both form glass with silex by fu- 
sion, &c. 

322. The base of soda, like that of potash is a 
metal. It is called sodiumy and is obtained by ex- 
actly the same process as described for obtaining 
potassium. A stronger galvanic power is however 
required to decompose soda, than potash, 

Obs, The base of soda agrees in most of its properties with 
ifaat of potash: Both these metals are lighter than water. They 
are of a brilliant white colour, resembling quicksilver. Sodium 
is soft and malleable, and may be iSattened into sheets by a 
slight pressure. Both of them absorb oxygen with surprising 
avidity. When thrown on water they decompose it with great 
vi^ence. The action of potassium on water is attended with 
some beautiful phenomena. When thrown on it, or when 
brought in contact with a drop of water, an instantaneous ex* 
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p^ocooQ IS prodneed, with a vehement flame. When sodiinn 
comes in contact with water, it produces a violent effervescence 
and a loud hissing noise, but does not produce an explosipn at* 
tended with light and heat as potassium does. 

323. The phenomona produced by both these 
substances when they come in contact with water, 
are consequences of the extreme rapidity with 
which they decompose it, by absorbing its cJxygen 
and setting free its hydrogen. 

Obs. It has been observed, that these two metals are obtained 
by depriving potash and soda completely of their oxygen. 

When potassium or sodium is exposed to the air, it attracts 
oxygen and falls into powder,^ which on examination is found to 
be pure potash, or soda. When thrown into water, a solution of 
one of these substances is found to be the result. 

These facts show beyond all doubt that the bases of potash 
and soda are of a metallic nature. ^ 

324. Ldthiuj or lithina is an alkali lately discover^ 
ed in Sweden. It was first found in a mineral 
CBWeApetalite^ and has since been detected in some 
other substances. 

Obs, Lithia has been found in small quantities only. In its 
caustic qualities it resembles the other alkalies, as also in chang- 
ing the blue colours of vegetables to green. In some of its pro- 
perties, however, it is entirely distinct from potash, or soda, and 
particularly in possessing the power of neutralizing a much great- 
er quantity of the different acids, than either of those alkalies. 
Like these, it unites to acids and forms a class of salts, none of 
which, however, have yet been applied to any use. 

325. Ammonia. Pure ammonia always exists in 
the state of a gas. It is obtained by the decompo- 
sition o{ muriate of ammonia commonly called sal 
ammoniac. 

Ezp. Mix together equal parts of muriate of ammonia and 
dry quicklime, each separately powdered, and introduce them 
into a flask, or small retort. Then apply the heat of a lamp and 
receive the gas over mercury. 

Obs. A substitute for the mercurial bath, is described in the 
first part of this volume among the chemical utensils. This 
may be. used in making enperiments on ammonia, and such 
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Other gases as are absorbed by water, where a mercimd bath 10 
not at hand. 

326. This ffas has a strong and pungent smelL 
It immediately extinguishes flame ; but before a 
taper immersed in it goes out, the flame is enlarg- 
ed by the addition of another of a pale yellow col- 
our, which descends from the mouth to the bot- 
tom of the jar, 

327. Ammonia is rapidly absorbed by water. 
Ittus. Water absorbs more than MK) times its balk of this gas. 

The volatile spirit of sal ammoniac is prepared by impregnating 
water with this gas. When the cork is removed from a bottle 
of this liquid, some of the gas escapes, and gives the well known 
pungent smell of 5j>trrf of hartshorn, Al^>hol also absorbs a 
portion of this gas, and constitutes what is called ammoniated 
alcohol, 

O65. There is a great difference in the strength of the above 
preparation. A small degree of heat will expel every particle 
of the ammonia from either of them, and by exposnre to the 
open air the gas gradually makes its escape. The consequence 
is, that this article is frequently sold when it contains but a very 
small quantity of ammonia. 

328. The article of commerce called sal ammo- 
niac was formerly brought from Egypt, where it 
was prepared from the soot of animal substances. 

lUus, All animal matters contain ammonia. At the present 
time it is manufactured in Europe in great quantities. Several 
processes are used at the different manufactories. At Paris, sal 
ammoniac is made as follows. Two kilns are constructed of 
brick ; into one of these is put a mixture of sulphuric acid and 
common salt, and into the other animal matters, as horns, bones, 
parings of hides, &c. On the application of heat, there is extri- 
cated from the kiln containing the salt and acid, muriatic acid 
gasy and from the other ammonia. These gases are conducted, 
by flues to a chamber lined with lead, where they combine to- 
gether and form solid muriate of ammonia, which encrusts the 
roofs and sides of the room, and enters into sdution with a stra- 
tum of water on the floor. 

Expl. On the application of heat to a mixture of sulphuric 
acid and common salt, the muriatic acid of the salt comes off in 
the form of gaii^ it being set free in consequence of the combi- 
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nation of tbe sulphuric acid with the soda of the salt. The 
ammonia is extricated from the animal matter by tbe heat. 
When these two gases meet, they unite with each other, and are 
condensed in the form of muriate of ammonia. 

Exp. The above mode of mahing sal ammoniac may be illus* 
trated as follows : 

Take two flasks furnished with tubes as in fig. 
29. Into one of them put a handful of sea 
salt and pour on this an ounce or two of 
^^ sulphuric acid. Into the other, put equal parts 
of powdered quicklime and sal ammoniac 
Invert over the ends of both tubes a tall bell 
glass, or what is better a tubulated receiver, 
as seen in the figure. Then letn gentle heat 
be applied to the bottom (^ each fiask. The 
two gases will be disengaged, and will form a 
white cloud, which will be condensed on the 
^ >^ ^^ — sides of the vessel. If one of the gas^s be in- 
^^vUl^ trodne^d into the receiver without the other, 
it will remain transparent until it meets the other, when there is 
instantly formed the thick white doud. This affords a yetf 
pretty experiment. 

329. The article used in smelling bottles, and 
called volatile salts j salts of hartshorn^ ^. is a csur- 
bonate of ammonia. It may be prepared by pro- 
ceeding exactly as in the above experiment, except 
that carbonic acid must be substituted for the mu- 
riatic acid gas. — See 164. 

330. Ammonia is a compound body. It is de- 
composed by electricity and separated into its ele- 
ments, which are hydrogen and nitrogen. 

331. It is suspected from some experiments 
made on ammonia, by means of galvanism, that 
its base is a metal. If this be the case, then the 
bases of hydrogen and nitrogen are also metals, as 
the base of ammonia consists of a union of the ba- 
ses of hydroffen and nitrogen. This follows from 
the electrical analysis of ammonia, by which these 
two gasges alone are obtained. 
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Obs, This is a very curious subject„and one of great import- 
ance to the science of chemistry. If it should be proved that 
the bases of hydrogen and nitrogen are metals, a novelty no less 
than that of the existence of a metal, or a metallic oxide, in the 
state of a permanent gas, would be exhibited. At the same 
time it would of course be concluded, by analogy, that all the 
other aeriform bodies are also metals in some form or other. 
Nor is it likely that supposition would rest here, but in all pro- 
bability, by a course of analogical reasoning, all substances, 
compound as well as simple, would be considered as possessing 
metallic bases, until the contrary should be proved. So that 
ultimately we should have no idea of a substance which was 
not metallic. 

332, The evidence that ammonia is possessed 
of a metallic basis is as follows. 

When mercury, negatively electrified, is placed 
in the galvanic circuit in contact with solution of 
ammonia, the n^ercmy giradualiy dxpcbnde to four 
or five times its former dimensions, and becomes a 
soft solid of the consistence of butter. By this 
process, the mercury acquires an addition to its 
weight of about one twelve thousandth part, and 
it is remarkable that its bulk is so increased by this 
small addition of weight, and its specific gravity is 
so lessened as to be only three times heavier than 
water, when before the process, it was about four- 
teen times heavier. 

Obs. That the quicksilver in the above experiment absorbs a 
metal from the ammonia, and that the change which it under- 
goes, depends on this fact, is inferred thus. So far as known, 
the m^tiJs are the only bodies capable of amalgamating with mer- 
cury. When this takes place, the mercury still retains some of 
its characteristic properties, as for a time its lustre and colour, 
but loses others, as its fluidity. In the above instance the 
change produced by the ammonia, resembles the known effects 
of a metal on the mercury. In both cases it becomes a soft 
solid. Therefore the mercury has amalgamated with a metal, 
and if with a metal, it follows of course that this must be the 
base of ammonia. 

All attempts to detach the metal of ammonia from the viick- 
Klver and exhibit it in a separate £irm, have heretofore failed* 
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When however, the ama^am is exposed to the air, the mercury 
is revived, and a small quantity of ammonia is produced. Hence 
it is said that the metal amnumivmy absorbs oxygen from the air, 
and falls into ammonia. 

The intelligent reader will notice from the above account, 
that there is at present no very positive proof that the base of 
ammonia is of a metallic nature. 

OP THE ACIDS. 

S3i^. The word acid is applied to all such sub- 
stances as are possessed of one, or more, of the fol- 
lowing properties. 

They are sour to the taste. 

Ohs. This is very different, as to its degree in different acids. 
Some of them are so intensely sour as to burn the tongue, as the 
nitric and sulphuric acids. Others have this property only in 
a small degree. 

334. They redden vegetable blue colours. 

Ohs, Hence blue vegetable infusions are good tests of the 
presence of uncombined acids. A piece of paper stained by 
rubbing it with the flower of larkspur, iris, &c. answers the same 
purpose. It turns red when touched with an acid. 

335. They combine chemically with alkalies, 
earths, and metaUic oxides, and form salts. 

Obs, The peculiar qualities of both the acid and alkali are 
destroyed by this union. 

Evp, Mix together the two caustic substances pure soda and 
muriatic add, and there will be produced the mild compound, 
common salt, 

Ohs, Though the above are qualities which belong to most of 
the acids, yet some few of them are neither sour to4he taste, 
nor do they redden vegetable colours. Thus the prussic acid 
has only the qualities enumerated under the third head. It 
forms salts with alkalies and oxides. 

336. The acids are formed by the chemical un- 
ion of oxygen with a base. 

06«. What are called addifiahle htises, are such substances 
as have the power of combining with such qualities of oxygen, 
as to form acids. 

^7. Some bases combine with oxygen in sever- 
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al proportions and form distinct acids, correspond- 
ing in some peculiar properties to each proportion 
of oxygen. 

lUus. Sulphur unites with oxygen in two prq>ortions, and 
forms two distinct acids. One of them exists in the form of a 
gas of a suffocating odour, which destroys vegetable colours ; 
the other is a heavy liquid, which corrodes and destroys all 
kinds of vegetable and animsil matters. These properties de- 
pend on the different proportions'of oxygen which each contains. 

338. The peculiar properties of the acids, and 
also their names are derived from their bases. 

inus. Sulphur, when combined with oxygen, forms sulphuric 
acid, carbon, carbonic acid, &c. The great difference between 
these two acids, depends on •the sulphur and carbon, oxygen 
being the acidifying principle in both. 

^9. The proportion ofoxygen with which a base 
has combined, is denoted by the name of the acid 
formed. 

lUus, When a base has cc^inbined with its full propcntion of 
oxygen, the name of the acid ends in ic. When the base has 
combined with only one proportion and is capable of receiving 
more, it ends in ous. Thus, sulphur, when united to one dose of 
oxygen, forms sulphur^ms acid ; when united to another dose it 
forms sulphuric acid, and so of the other bases. 

340. In some cases a combustible base, which 
affords an acid when fully oxygenated, constitutes 
only an oKide when combined with a less quantity 
<tf oxygen. 

iBus, Carbon for instance, with one dose of oxygen, forms 
oarbanous oxide ; with another dose carbonic acid is formed. 

341. 'Every acid, with a few exceptions, is capa- 
ble of uniting with each individual of the alkalies, 
earths, and metallic oxides. 

Obs, In every salt, therefore, there are present two distinct 
ingredients, viz. an acid, which is called Che 5a/(/yin^|)rmcf-^ 
pie and an ailkali, an earth, oi a metallic oxide. 

342. The generic name of the salt is taken from 
the name of the acid. 

Mus, In Uiis respect, the sev^ml saUs formed by the pumb 
of one acid with the different bases is a distinct dass. Thus 
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sulphuric ^cid forms with potash, sufphate of potash^ with ox- 
ide of iron, sulphate of iron, 8fc. 

343. The different acids, composed of the same 
base with different proportions of oxygen, form verjr 
different salts when combined with the same alkali. 

Wus, The 8|dt for instance which the sulphurous acid forms 
with potash, is very unlike that which it forms with the sul< 
phursc, 

344. The proportion of oxygen in the acid of 
which a salt is formed, is denoted by the termina-^ 
tion of the generic name of the salt. 

VHus, Thus salts, formed with an acid ending in ofu^y always 
ends in %U ; as sulphurous acid forms with potash, sulphide of 
potash. Acids, ending in ic, form salts ending in ate ; as sul* 
phurtc acid forms sulphate of potash, 

345. In most cases the acid and base combine 
in such proportions, as that neither predominates, 
and consequently the compound formed is a neu" 
trai salt In a few instances however, a neutral 
compound is capable of uniting with aa additional 
quanti^ of acid, or of base, so that one predomi- 
nates over the other. 

lUus, Tartaric acid is capable of uniting with potash in a 
double proportion, so that the acid greatly predominates oter the 
alkali. Such salts are distinguished by prefixing to their names 
the Latin preposition swper. Thus we have super tartrate of 
potash, super sulphate of potash, &;c. 

346. When the base pedominates, the deficien- 
cy of the add is denoted by the preposition suh^ as 
^vb carbonate of potash, sub borate of soda, &c. 

Ohs. The pupil win see at once, with what ease the names 
and composition of a great variety of salts mav be remembered, 
by observing the above rules. By kQowing tne name of a salt 
we know its composition. Thus muriate of soda is composed of 
■oda and muriatic acid. If we know the composition of the 
salt, we also know its name. Thus a combination of muriatic 
mcid and lime would make muriate of lime, and so of all other 
$ab8tances, capable of forming salts. 

347. The adds admit of being divided into three 
da99esy according to the nature of their bases, m 
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the kingdoms of nature in which they exist, viz. 
mineral^ vegetable^ and animal acids. 

MINERAL, AND METALLIC ACIDS. 

Obs. These acids are composed of a simple base and oxygen. 



Sulphuric, 

Sulphurous, 

Nitric, 

Nitrous, 

Carbonic, 

Boracic, 

Phosphoric, 

Phosphorus, 

Arsenic, 

Arsenous, 



BASES. 

> Sulphur. 

> Nitrogen. > 

Carbon. 
Boron. 

> Phosphorus. 

> Arsenic. 



Muriatic, 

Antimonic, 

Antimonious, 

Chromic, 

Molybdic, 

Moijbdous, 

Tungstic, 

Columbic, 

Fluoric, 



BASES. 

Unknown. 



Antimony. 

Chrome. 

Molybdenum. 

Tungsti^. 

Columbium, 

Unknown* 



VEGETABLE ACIDS, 



Ohs. These acids all contain two simple substances as a 

base, viz. carbon and hydrogen. These are combined with 
oxygen forming acids. 

Gallic, Pyroligneous, 

Citric, Camphoric, 

Mallic, Subenic, 

Benzoic, Kinic. 



Acetic, 
Oxalic, 
Tartaric, 
Pyrotaric, 



ANIMAL ACIDS. 



Obs, Some of these acids, in addition to hydrogen and car- 
bon as a base, contain nitrogen alsa Oxygen, as usual, is con* 
sidered the acidifying principle. 

Phosphoric, Sebacic, 

Lacttic, Prussic, 

Saccholactic, Bombic, 

Foripic Uric. 

Obs, Some of the above acids are both animal and vegetable. 
Thus the prussic acid is found in plants as well as animals, 
Several of the mineral acids, as the sulphuric and muriatic, s^^e 
^nd among animal bodies, &c. 
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348. Sulphuric acid is a heavy corrosive liquid, 
powerfully acid to the taste, but destitute of smell, 
and free from colour. It is formed by the combus- 
tion of sulphur. 

Illus. Sulphur, in the open air, bums with a pale blue light 
and suffocating smell ; but by burning it in oxygen gas, at 
the same time all moisture being excluded from under the ves- 
sel, a dense white vapour is produced, resembling snow. This 
is dry sulphuric acid. 

Obs. When sulphur is burned in common air, sulphurous acid 
is formed. In this case the sulphur has not combined with its 
full dose of oxygen. When it is burned in oxygen gas it com- 
bines with its maximum of oxygen, and becomes sulphuric acid. 
When water, which has a strong attraction for this acid, is sat- 
urated with it, the common liquid sulphuric acid, or oil of vitriol 
is formed. 

In the manufactories of this acid, the sulphur is mixed with a 
certain proportion of nitre, and the mixture is burned in cham- 
bers lined with lead. The" nitre supplies the oxygen necessary 
to form sulphuric acid, which is absorbed as it is formed by 
water, with which the floor of the chamber is covered. This 
acid when concentrated by boiling, is about twice as heavy as 
water. A bottle of it is soon tinged brown by dropping into it, 
any vegetable matter. If stopped with a cork, this commonly 
has the same effect. This is caused by the carbonization of the 
vegetable matter, by the oxygen of the acid. 

When this acid is mixed with water, in the proportion of about 
four of the former to one of the latter, the temperature of the 
mixture is raised to about 300 degrees. 

349. When sulphuric acid is united to alkalies, 
earths, or metallic oxides, the compounds are term- 
ed sulphates. 

Ulus, The substance used as a manure, cement, &c. and 
called plaister of parts, is a compound of sulphuric acid and 
lime. It is therefore sulphate of lime. The article used in 
dyeing, and called copperas, is a compound of this acid and ox- 
ide of iron, or sulphate of iron. 

Obs, Formerly sulphuric acid was obtained by the distilla- 
tion of copperas, or, as it was also called, green vitriol. Hence 
this acid was called oil of vitriol 
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360. This acid is decomposed bj almost evfety 
individual of the class of combustibles, especially 
when assisted by heat. 

IBus, When charooal is immersed in hot sulphuric acid, the 
charcoal absorbs from it the oxygen which constitutes it sulphu^ 
ric acid, and it is in consequence converted into sulphurous 
acid. Several of the metals produce the same effect by absorb* 
ing the oxygen. 

Sulphuric acid is composed, in its dry state, 6( about 40 parts 
of sulphur, and 60 of oxygen to the 100. When liquid, and of 
the density of 1850, it contains 19 parts of water and 81 of thte 
acid. 

351. Sulphurous acid This acid exists in the 
form of a gas. It is produced when sulphur is 
burned in common air. 

Exp, By means of a small spoon, or scoop, plunge some burn- 
ing sulphur into a wide mouthed bottle filled with common air. 
As the sulphur burns, sulphurous acid g^s is formed, which will 
soon fill the bottle. It must then be corked up. 

352. This gas has a pungent and suffocating 
smell. It extinguishes burning bodies and destroys 
animals when they are made to breathe it. It has 
the property of whitening, or bleaching silk, straw, 
linen, cotton, &c. Water absorbs about 33 times 
its bulk of this gas. It is heavier than common air. 

Exp, 1. Plunge a burning taper into a bottle of this gas, and 
it will be instantly extinguished. 

Remark. It is so much heavier than atmospheric air that a 
bottle of it may be uncovered for a time without its escape ; 
consequently these experiments are easily made, by covering 
the bottle with a plate of glass, and removing this whenever 
any thing is to be introduced. 

Exp. 2. Its bleaching property may be shown by permitting 
any of the substances above mentioned to remain in it for a 
short time. Coloured (lowers are turned white by it, Thqy 
must be moistened with water before they are introduced. 

353. Some of the metallic oxides are revived by 
the action of this gas. 

Exp. Make a solution of acetate of lead in pure water, and with 
this moisten a piece of silk, or a small plant, as a sprig of mint, 
and while moist introduce it into a bottle of this gas. The metal 
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will be revived and will cover the surface of the article with 
brilliant metallic lead. 

Obs, Sulphurous acid has a strong tendency to combine with 
an additional quantity of oxygen. Acetate of lead is an oxide 
of the metal dissolved in an acid. When this is deprived of its 
oxygen, it returns again to the state of a metal. In the obove 
experiment the oxygen is absorbed by the acid, and consequently 
the oxide is revived. 

354. Nitric add. This acid is obtained from 
the salt called nitres or salt peire. This is compos- 
ed of nitric acid and potash. It is therefore nitrate 
of potash. The decomposition is efiFected by sul- 
phuric acid. 

JExp, Put into a glass retort four parts of nitre reduced to a 
coarse powder, and pour upon it three parts of strong sulphuric 
acid. Adapt a large tubulated receiver to the retort, and lute 
the junctures with a mixture of pipe clay, sand, and cut tow. 
Then aroly the heat of a lamp or sand bath. The receiver 
roust be kept cold during the process, and furnished with a tube 
of safety. The first product which passes over is red and smok- 
ing. This gradually diminishes, and the acid drops down pale, 
or colourless. 

356. Nitric acid, made by the above experiment 
is not perfectly pure, but always contains a portion 
of muriatic ana sulphuric acid. 

Obs. Pure nitric acid always exists in the state of a gas. 
This, however, is found only in the laboratory of the chemist. 
What is commonly known by this name, contains a quantity of 
water, and forms what chemists distinguish by the name of 
hydro nitric acid. As this, however, is so generally known by 
the name of nitric acid, or aqua fortis, we shall continue to call 
it so at present. 

366. Nitric acid when pure, is a colourless li- 
quid considerably heavier than water. It emits 
white fumes when exposed to the air. It gives an 
indelible yellow stain to the skin. It becomes 
coloured by the sun's light, passing first to a straw 
colour, and then to a deep orange. 

Obs, This change of colour is produced by the union of the 
light of the' sun with the oxygen of the acid, in consequence of 
which, the acidifying principle suffers some diminution. 

♦12 
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357. This acid retains its oxygen with but little 
force, and hence it is decomposed by all combusti- 
ble bodies, which deprive it of its oxygen with more 
or less rapidity, 

Ezp, 1. Pour strong nitric acid on some warm, dry, and finely 
powdered charcoal. The charcoid will become ignited, giving 
out an immense quantity of fumes. 

Obs, The charcoal absorbs the oxygen from the acid, with 
such, rapidity as to produce ignition. 

Exp, 2. Put half an ounce, or an ounce of oil of turpentine 
into a small cup ; then pour on it suddenly about half an ounce 
of strong nitric acid. The turpientine will burst into flame with 
an explosion, sending forth an immense volume of black smoke. 

Remark, In making this experiment, the vessel containing 
the acid must be tied to a stick, so that the curator may stand 
at a yard or two distant from the explosion. 

Obs. The acid inflames the oil on the same principle that it 
ignites charcoal. 

358. Nitric acid dissolves silver, copper, zinc, 
&c. The solution is more rapid if the acid is dilu- 
ted with water. 

Obs. This acid is called aqua fortis, and under this name is of 
important use in the arts. 

359. When nitric acid is submitted to the actioa 
of copper, and some other metals, a part of its oxy- 
gen is imparted to the metal, and of consequence 
the nitric is converted into the nitroti^ acid. 

360. This acid combines with the alkalies, earths, 
and metallic oxides, and forms a class of com- 
pounds called nitrates. Most of these salts defla- 
grate when thrown on red hot charcoal. 

361. Nitrous acid. When nitrate of potash is 
exposed to a degree of heat sufficient to deprive it 
of a part of its oxygen, and the process is then stop- 
ped, and the salt submitted to the action of sul- 
phuric acid and heat, there comes over what is 
called nurous acid. 

ObB. When nitric acid is charged wkh the red fames of ni« 
trous gas, as in tfae4)eginnuig of the proeess foa obtaining this 
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acid, it 18 more commonly called nitrous acid. Indeed, chem- 
ists have doubted whether there exists an acid properly denomi- 
nated nitrous, and which bore the same relation to the nitric, ^ 
that sulphurous acid does to sulphuric. By the above process, 
an acid is obtained which contains less oxygen than the colour- 
less nitric acid. But this same acid will become colourless 
by exposure to the air, the red fumes readily making their es- 
cape ; and it is well known, that what is called nitric acid, con- 
tains various proportions of oxygen. Now whether what is 
denominated nitrous acid, is a definite, and distinct compound, 
or whether it is nitric acid containing a quantity of nitrous gas, 
which gives it colour, is a question on which chemists are divid- 
ed. Mere dilution with water will change the colour of this 
acid. Thus the orange colour will pass through the shade of 
blue, olive, and bright green, by adding successive portions of 
water. 

Some good authorities, however, maintain that the nitrous 
acid is a distinct compound, but it is difficult to point out to the 
student any distinctions by which the difference between the 
two acids may be obvious, except that the nitrous acid contains 
the red fumes of nitrous gas, while the nitric acid is without co- 
lour ; still the coloured acid may be much stronger than the 
colourless. 

It does not seem that the combinations of this acid with the 
different bases, afford compounds which differ firom the nitrate, 
there being, it is believed, no compound which bears the name 
oi nitrite 

362. Carbonic acid. This acid when in a se- 
parate state, or uncombined with other substances, 
always exists in the state of a gas. It is perhaps 
more widely diffused than any other gas or acid. 
It is procured either by the direct combination of 
carbon with oxygen by combustion, or by expell- 
ing it from its natural union with lime by means 
of sulphuric acid. 

JEJa^. Fill a bottle with oxygen, gas and set it upright. Fas- 
ten a piece of charcoal of a cylindrical shi^ and two inches 
long, to a piece of wire, by winding the wire round one of its 
en<Ui. Have the other end of the wire connected with the cork 
of the bottle. Ignite the lower end of the charcoal, and plunge 
it into the oxygen gas, putting the cork in its place. A vivid 
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combostion of the charcoal will take place, attended with bril- 
liant scintillations, affording a beautiful experiment. 

Obs, On examination of the gas in the bottle, after the above 
experiment, it will be found that the oxygen has been converted 
into carbonic acid. This may be shown by passing a few bub- 
bles of it into a vessel containing lime water. The water will 
instantly become turbid, and if suffered to stand, will deposite 
a white powder, which will again give out carbonic acid on 
treating it with sulphuric acid. It is therefore a carbonate of 
lime 

363. Although the combustion of charcoal in 
oxygen gas aflfords good proof of the constitution of 
carbonic acid, there is still further evidence that 
this gas is composed of carbon and oxygen. Thb 
consists in the analysis, or decomposition of the 
gas itself. 

Exp. Provide a tube of ve>y thin glass about one third of an 
inch wide and 18 or 20 inches long, sealed at one end. Coat it 
to within an inch of the sealed end with a lute of sand and clay ; 
and when this is dry, put into it as much purified phosphorus m 
small pieces, as will fill the uncoated part. Then cover the 
phosphorus with pure white carbonate of lime. Let the part of 
the tube which contains the carbonate be made red hot by 
means of a chaffing dish of coals, or otherwise, and at this mo- 
ment apply heat to the part containing the phosphorus, sufficient 
to convert it into a vapour. When the tube is cold, on breaking 
it apart, there will be found in it a small quantity of v^fry light 
black powder, which is charcoal. 

Obs. The heat expels carbonic acid from the carbonate of 
lime. Phosphorus, particularly when converted into vapour by 
heat, has a roost powerful attraction for oxygen. In this exper- 
iment, the phosphorus attracts the oxygen from the carbonic 
acid, and the carbon is deposited, in the form of a black powder. 

For a further account of carbonic acid, see the article carbcm* 

S64f. Muriatic acid, or spirit of sea salt, is obtain- 
ed from common salt, by means of sulphuric acid 
assisted by. heat. . 



d by Google 




ictDs. 137 

fxp. Into a tabulated 
retort, (see fig. 30,) a put 
eight ounces of sea salt, 
and lute the retort to a 
large tubulated receiver. 

rTo the tubulure of the re- 
tort, fit the bent glass 
tube h, and to the aperture 
^^ of the receiver c, adapt a 

1 tube twice bent at right 

angles, and furnished with a contrivance d, for preventing ab- 
sorption. The longer leg of this tube terminates beneath the 
surface of water contained in the two necked bottle, e. From 
the other neck let another right angled tube proceed, which 
may terminate in another bottle containing water. The total 
quantity miist be about five parts. 

Let all the junctures be carefully luted with the fat lute, and 
when drjr, pour very gradually through the bent tube, on the 
salt, five parts of strong sulphuric acid. Muriatic acid gas will 
be liberated in abundance and will pass through the receiver to 
the first bottle where it will be absorbed by the water. When 
this is saturated, it will be absorbed by the second bottle. When 
all the acid has been poured in, and the gas has ceased to issue, 
apply a gentle heat to the bottom of the retort. The water in 
the bottles, saturated with the muriatic acid gas constitutes K' 
quid muriatt^ add, sometimes called marine acid, spirit of sea 
salt, &c. \ 

Ohs, The pupil may not understand the uses of all parts of 
this apparatus. The bent tube 6, prevents any of the gas from 
escaping in the room, since some of the sulphuric acid will 
remain in it, as is obvious on inspection. The use of the globe 
c, is to retain any vapor which comes oyer, that is condensible 
by cooling, as water mixed with sulphuric acid ; the object of 
the experiment being to obtain the muriatic acid in a state of 
purity. The tube twice bent, d, and called a Welters tube of 
safety, after the inventor, is partly filled with water at the be- 
ginning of the experiment. This is to prevent absorption of 
the water from the two necked bottle into the receiver, in case 
a partial vacuum should be formed from the cooling of the retort. 
On inspection of the figure it will be obvious, that the pressure 
of the atmosphere would throw the water contained in the ball 
mp the tube until the air rushed in. On the contrary, no gas 
can escape, becaiue ^y pressure from within, would be follow- 
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ed by a high cduma of the water in the perpendicular part of 
the tube. . « 

365. Liquid muriatic acid has the following 
properties. 

It emits white suffocating fuiijes. These con- 
sist of muriatic acid gas, which become visible 
by contact with the moisture of the air. When 
healed in a retort, muriatic acid gas is disenga- 
ged and may be collected over mercury, or by 
the contrivance described in the beginning of this 
volume. Liquid muriatic acid is heavier than 
water. When perfectly pure it is colourless. It 
unites with alkalies, earths, and metallic oxides, 
and forms a class of salts called muriates. 

Obs, The oxy-muriatic acid ,gas, otherwise .called chlorine^ 
has already been described. 

366. Bor€u:ic acid is obtained from the borate 
of sodtty commonly called borax. 

Exp. To a solution of borax in boiling water, add half its 
weight of sulphuric acid, previously diluted with an equal quan- 
tity of water. Evaporate the solution a little, and xm cooling, 
shining scaly crystals will appear. These are boracic acid. 
Let them be washed with pure water and dried on filtering 
paper. 

Obs. In the above process, the borate of soda is deconiposed 
by the sulphuric acid, which has a stronger attraction for the 
soda than the boracic acid has. The sulphuric acid and soda 
combine therefore, while the boracic acid is set free, and being 
nearly insoluble in cold water, is deposited in crystals at the 
bottom of the vessel. 

367. This acid is destitute of smell and has 
very little taste becauwse it is little soluble in the 
saliva. It melts into a glass which is perm.anent 
in the strongest fire. Boiling water takes up 
about one fiftieth part by weight of this salt. 
This solution reddens vegetable blues like the 
other acids, and effervesces with the alkaline car- 
bonates. 
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368. It is soluble in alcohol, and the solution 
burns with a beautiful green flanie. 

369. The acid combines with the alkalies and 
earths and forms salts called borates. But the 
only important combinaton which it forms, is with 
soda. This compound is found native m India, 
and in the impure state in which it is imported, 
it is called tincal^ or hnde borax ; when purified 
it forms the borax of apothecaries. 

370. Phosphoric acidy is obtained by the oxi- 
gination of phosphorus by means of nitric acid. 

Eocp, About half fill a tubulated retort with oitric acid, and 
apply a gentle heat. When the acid is warm, drop into it 
through the aperture of the retort, a small piece of phosphorus, 
and instantly replace the stopper. The phosphorus will be dis- 
solved with effenrescence, and large quantities of nitrous gas 
will escape. When this has ceased drop in another piece, and 
repeat this until the last piece remains undissolved. Then raise 
the heat to drive off the nitric acid, and the phosphoric acid will 
remain in the retort, partly in the concrete and partly in the 
liquid form. 

Obs. Phosphorus has a strong affinity for oxygen, which the 
nitric acid easily parts with. In the above experiment the 
phosphorus is oxiginated, and converted into an acid at the 
expense of the oxygen of the nitric acid. In conseqnence of 
this loss of oxygen, the nitric is converted into nitrous acid g^s 
which escapes, and occasions the effervescence. 

371. This acid has the following properties. 
It is soluble in water in all proportions. It pro- 
duces a small degree of heat when mixed with 
water. It has a sour taste, but is not corrosive. 
With charcoal in a strong heat, it looses its oxy- 
gen and is again converted into phosphorus. 

372. This acid combines with the different sa- 
lifiable bases and forms a set of salts called phos- 
phtUes. 

373. This acid is found in the mineral, vegeta- 
ble^ an^ animal kin^donas. In the mineral king? 
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dpin it is found combined with lead, iron, lime- 
stone,&c. forming phosphates of these subst^ces. 
In Spain, whole mountains are composed of phos- 
phate of lime. When any of this stone is thrown 
on burning coals, it burns with a beautiful green 
light, which lasts for some time. 

374. In the vegetable kingdom, phosphorus or 
its acid is found in a great variety of plants. Va- 
rious seeds and roots contain it, s»^ potatoes, 
agaric, kc. tt is also found in the charcoal of 
some kinds of wood, and the spontaneous combus- 
tion of this article by which powder mills have 
been blown up, has been in some instances attri<> 
buted to this circumstance. 

375. In the animal kingdom it is found in al« 
most every animal substance, but particularly in 
the bones, which are composed almost entirely of 
the phosphate of lime. 

376. Phosphorus acid^ is obtained by exposing 
phosphorus to th6 atmosphere, from which it ab- 
sorbs oxygen. 

Exp, Let a stick ofphosphorus be plaoed ip a fiinnel, the pipe 
of which terminates in an empty botUe. It will slowly alMorb 
oxygen from the air, and after some time will fall iotq the bottle 
in the liquid state of phosphorus acid. 

377. This acid combines with the alkaline and 
earthy bases and ^orm^ phosphites. 

Obs. When any of these salts are healed, they emH a plioar 
phorescent flame. They detonate when heated with chlonM 
of potash, They are changed into phoc^hat^s by the absorp- 
tion of oxygen, when mixed with nitric or oi^y-mnriatic acid. 

Remark. The following are properly metalUc acids, as they 
consist of metals united to 9uch <|uiMQtities of oxygen as to gi?« 
them acid properties, 

378. Arsenous acid. The article» commonly soU} 
by the name of white arsenic is an oxide of the 
PM^al, b^t, as it fplfils one of the {uiDciple funo 
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tions of an acid, it has of late been called arsen- 
ous acid. This substance is in the form of a w bile 
powder of an acrid taste, and in solution with wa- 
ter reddens vegetable blues. 

Ob$. The arsenous acid sometimes occurs native, but is 
chiefly procured during the processor roasting the ores of other 
metals, which contain it. It oomes sometimes in the form of 
lumps of an inch or more in diameter, and sometimes in the 
form of small crystafs. Most of it is brought from Germany 
and is obtained from the ores of cobalt. These ores are roasted 
in furnaces terminated by long chimneys. The arsenic, of which 
they always contain more or less, is sublimed by the heat and 
concretes on the sides of the chimney, in the form of the white 
oxide, or arsenous acid, and from whence it is scraped off by 
condemned criminals. It is afterwards sublimed again to purify 
it, and then forms the article in question. 

379. The arsenous acid combines with the al- 
kalies and earths, and forms arsenites. 

380. Arsenic acid. By repeated distillation 
with the nitric acid, the arsenous acid absorbs an 
additional quantity of oxygen from it, and be- 
comes arsenic acid. This is a white concrete 
substance, possessing a sour and at the same time 
a metallic taste. It reddens vegetable blues, and 
effervesces strongly with alkaline solutions. It 
is a most active poison. 

381. With alkalies, earths, and oxides, this acid 
constitutes the class of salts called arsenates. 

382. Antimanious acid is formed by dissolving 
antimony in nitric acid, evaporating the solution 
4o dryness, and igniting the product. 

Ohs, This is the substance commonly called white oxide of 
antimony, but as it combines with the salifiable bases and affords 
a class of salts, it is more properly ranked with the acids than 
with the oxides. These salts are called antimonites. Very little 
is known of them. 

383. Antimanicacid. This is commonly ki^own 
under the name of yellow, oxide of antimony^ 

13 
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But as it combines with the earths and alkalies, 
it ought, like the antimonious, to be placed among 
the acids. These salts are called antimoniates^ 
No common use is made of any of f hem. 

384. Chromic acid. The metal called chrome 
is susceptible of three states of oxidizement. The 
first oxide is green, the second brown, and the 
third forms the chromic acid, which chrystallizes 
in the form of long prisms of a beautiful ruby red 
colour. This acid is obtained from its native 
combination with lead, with which it forms a 
chromate of that metal, and also from the chro* 
mate of iron a mineral found in abundance in the 
neigbourhood of Baltimore. 

Ohs. The chromic acid is obtained from the chromate of lead 
by treating this ore with carbonate of potash, and separating 
the alkali with a stronger acid. 

385. None of the metallic acids part with their 
oxygen so readily as this. 

lUus. If muriatic acid be distilled with chromic acid, the 
former absorbs oxygen from the latter and is converted into 
chlorine, while the latter, in consequence of the loss of oxygen 
is converted into an oxide of chrome. 

386. The salts formed by the combination of 
this acid with the difierent bases, are called chro^ 
mates. 

387. Molyhdic add,. When the metal called 
Molybdenum is heated in the open air, it com- 
bines with a large quantity of oxygen, takes the 
volatile form and crystalizes in small needle-shap* 
ed white crystals. This compound of the metal 
and oxygen possesses acid properties. It is com- 
posed of molybdenum 74.5 and oxygen 25.5 to 
the 100. 

388. Molyhdaus add is formed, when two parts 
of the molybdk acid and one of the o^tal are i 
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turated together in boiling water, then filtered, 
and the solution evaporated in a slow heat. This 
acid is in the form of a fine blue powder. 

Obs, Both of these acids combine with salifiable bases and 
form salts. 

389. Fluoric aeid. This acid is obtained from 
a mineral called Derbyshire spar, Jluor spar, or 
more properly Jluate of lime. In this substance 
the fluoric acid is combined with lime, and from 
whence it may be set free by the intervention of 
a stronger acid. 

E^. Into a retort of lead, see 
Ffig. 31, put some pure white fluor 
spar in fine powder, and mix it 
with twice its weight of sulphuric 
acid. Lute the retort to a receiver of the same metal with 
clay ; then surround the receiver with a mixture of salt and 
snow or ice, and apply a moderate heat to the retort, taking care 
not to melt it. The fluoric acid will be extricated and pass into 
the receiver, where it is condensed by the cold into the liquid 
form. 

Obs. The liquid obtained by the above process is called hydro 
Jluoric acid because it is mixed with water. The water is ex- 
pelled firom the sulphuric acid by the heat. 

390. This acid has the curious property of cor- 
roding glass, in consequence of its strong affinity 
for the silex which it contains. It therefore can- 
not be prepared or kept in glass vessels. 

iQus. If a drop of it be placod on a piece of glass it quickly 
destroys its polish, and if permitted to remain on it, will eat into 
it to a considerable depth. 

391. This acid acts with great energy on the 
animal fibre. If a drop of it strikes the hand, it 
raises a painful, and sometims occasions deep and 
dangerous ulcers. It is extremely volatile and 
emits dense white vapors, which the experimenter 
must be careful not to breathe. 

392. The fluoric acid is used for the purpose 
of etching on glass. 
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Ittus. The method of etehing designs on glass is as follows. 
First cover a plate of glass of the size required with beeswax or 
engravers' varnish. The bees-wax must be spread over the 
surface as thin as possible. For this purpose heat the glass 
over a lamp, and at the same time rub the wax over its surface ; 
then hold the glass in such a position that the wax will run off. 
If it is not too hot, enough will remain on to cover the surface. 

Next draw the design by ci^ting the wax with a sharp instru- 
ment quite down to the glas£(^, so that every line shall leave the 
surface naked. A large needle or sharp pointed pen-knife does 
well for this purpose. The etching is done by placing the plate 
in a horizontal position and pouring on the liquid fluoric acid. 
Where this cannot be obtained, the etching may be done with 
the acid in the state of gas. This requires only very simple 
apparatus. Take a common tin cup, large enough to include 
the piece of etphing within the circle of its rim. On its bot- 
tom place a spoonful of powdered fluor spar, and then pour on 
strong sulphuric acid enough to make it into a paste. Next 
place the glass plate on the cup as a cover, with the etching 
downwards, and set the cup into a dish of hot water, or hold 
it over the flame of a lamp, taking care not to melt the wax. 
The fluoric acid in the state of gas will act upon the glass 
where it is not protected by the wax. In ten or fifteen minutes 
the etching will be done, when the wax must be rubbed off by 
heating the glass. In this way figures of any kind, as flowers, 
faces, names, &c. may be permanently and beautifully done on 
glass. 

None of the salts called Jluates are particularly interesting 
except the fluate of lime, from whence the acid is obtained. 

VEGETABLE ACIDS. 

Onli/ the most important of these acids will be described, 

393. Acetic acid. Distilled vinegar. The com- 
mon vinegar is acetic acid mixed with a great 
proportion of water, and is called acetous acid. 
Vinegar differs from acetic acid only as it con- 
tains more water, a colouring matter, and other 
impurities, consequently it is the same acid in a 
«tate of dilution, so that properly there ia no sutb 
^cid as the acetous. 
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394. Vinegar is made by ex^psiiifi; <o the ac- 
tion of the air, either cider,^ wine, beer, or any 
other liquid capable of undergoing the acetous 
fermentation. In all cases it must be exposed to 
the air, and warmed to a certain degree. In sum- 
mer, the warmth is suflScient in a southern expo- 
sure. 

Obs» In this process little or no gas is evolved, as in the 
Tinous fermentation, but on the contrary, the oxygen of the 
atmosphere is absorbed ; hence cider and wine run into vine- 
gar, <nr become acidifiedL by the actual absorption of oxygen, 
and on the same principle that acids are formed by combustioq^ 
QDly that light and heat in the latter case are not emitted. 

395. Vinegar is also obtained by the distilla- 
tion of wood. 

Ulus, The wood, first dried, is introduced into cast iron 
cylinders or retorts, which are exposed to a red heat. An im- 
mense quantity of inflammable gas is produced ; and a liquid is 
condensed in the receiver, which consists of acetous acid hold- 
ing in solution a quantity of tar and essential oil. These im- 
purities by a certain process are entirely removed, so that the 
acid is odourless, and may be used for the common purposes of 
vinegar. 

396. Vinegar may be purified by distillation, 
but it always contains a quantity of extractive 
matter, even after several distillations. 

397. Pure acetic acid cannot be obtained by 
the distillation of the acetous acid, because the 
specific gravity of the real acid and water are so 
nearly alike that the water will rise along with 
the acid. ^ But by presenting to the acetous acid 
Boroe metal or alkali, for which it has an affinity, 
there will be formed a salt called an acetate, and 
from which the acetic acid may be expelled in its 
concentrated state. 

Ilhis, Acetous acid combines with potash forming an acetate 
of potash. When this salt is distilled with half its weight of 
sulphuric acid, it is decomposed, a sulphate of potash is formed, 
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and the vegetable %c\fi is expelled in a very concentrated form, 
but mixed with a ptjtthn of the sulphuric acid. By digestion 
with manganese and a subsequent distillation, the acetic acid is 
obtained in a state of purity. 

398. The acetate of copper, otherwise called 
crystallized verdigris also affords this acid by dis- 
tillation. 

Exp. Into a retort put some crystallized acetate of copper, 
and apply the heat of a sand bath. Acetic acid will come over 
tinged with green By a second distillation it is obtained pure. 
Its specific gravity is from 1056 to 1080. 

Obs. The acetic acid may be still further purified, by mixing 
with it some caustic solid potash and then distilling again ; 
when this is done a fluid is obtained which possesses some pe- 
culiar properties. It is colourless and as light as alcohol. It 
evaporates rapidly when exposed to the open air. It does not 
redden vegetable blues, and excepting that it mixes with water 
in any proportion, it has all the qualities of ether. Its smell is 
extremely pungent and it raises a blister when applied to the 
skin 

399. Oxalic acid, or acid of sorrel. This is 
obtained by eyaporatins; the fresh juice of sorrel 
to the consistence of honey, then putting it into a 
glass vessel and covering the surface with olive 
oil. After some weeks the sides of the vessel are 
covered with a crust which is the s lU ofsorrd, 

Obs. The more common mode of preparing this acid is to 
acidify sugar with nitric acid. 

Exp. To six ounces of nitric acid contained in a glass vessel, 
add by degrees one ounce of lump sugar. Nitrous gas will be 
disengaged in great abundance occasioning a violent efferve- 
scence. When all the sugar has been added evaporate a part 
of the acid and set the remaining liquor in a cooij^lace to crys- 
tallize. Take these crystals juid dissolve them in pure water, 
evaporate the water, and crystallize them a second time. Pure 
oxalic acid is then obtained in the form of small glistening 
needles. 

400. This acid has a sour taste, and acts power- 
fully on vegetable colours. 

401. It is used to take out ink spots. It is also 
bne of the best tests of the presence of lime. 
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Exp, Dissolve some oxalic acid in pure water and let fall a 
few drops of it into well water. If the smallest quantity of 
lime be present there will be formed a white cloud, which being 
an insoluble oxalate of lime will afterward fall to the bottom of 
the vessel. 

402. This acid forms with the different bases a 
set of salts called oxalates. 

403. Tartaric acid. This acid is obtained from 
the supertartrate of potash (common cream of tar- 
tar.) Cream of tartar is the lees of wine purified. 

404. The casks in which some kinds of wine are 
kept become encrusted with a hard substance, 
tinged with the colouring matter of the wine, and 
is otherwise impure. This substance is known in 
conmierce by trie name of argol. When this is pu- 
rified by solution, filtration, and crystallization, it 
is called cream, or crystals of tartar. From this 
substance the tartaric acid is procured by the fol- 
lowing process. 

Exp, Let 100 parts of finely powdered cream of tartar, be in- 
timately mixed with about 30 parts of pulverized chalk. This 
is best done by grinding them in a mortar and passing the mix- 
ture through a sieve > Let the mixture be thrown by spoonfulls 
into eight or ten parts of boiling water ; waiting for the cessa- 
tion of the violent effervessence, which is produced by each ad- 
dition, before any more is thrown in. If it should appear that 
the acid is not fully neutralized by the above quantity of chalk, 
but that the solution reddens litmus paper, more chalk must be 
added until the paper is not changed by it. 

By the above operation, the tartaric acid combines with the 
lime and an insoluble tartrate of lime is found at the bottom of 
the vessel. Decant the liquor into another vessel, and having 
collected the tartrate of lime, wash it three or four times with 
cold water. Then to the tartrate of lime thrown into a conven- 
ient quantity of water, add strong sulphuric acid, equal in weight 
to that of the chalk employed. The sulphuric acid combines 
with the lime and forms a sulphate, which is insoluble in the 
water, it therefore falls to the bottom of the vessel in the form 
of a white powder. 

Let the acid and precipitate remain together twenty-foor 
hours, frequently stirring them, then let the precipitate subside 
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wad decant the clear liquor, which will contain the taitiM'ic scid 
in solution, together with some sulphuric acid and a small quan* 
tity of sulphate of lime. This is to be evaporated by a gentle 
heat, now and then decanting it f^om one vessel to ano^er to 
get rid of the sulphate of lime which falls down. Finally* after 
the solution is evaporated to rather more than a fourth of the 
original quantity, set it away to crystallize. The crystab will 
be brown and must be purified by again dissolving them in wa- 
ter, evaporating and crystallizing, and this must be repeated 
until the crystals are pure, white tartaric add. 

405. In the manufaetories of this article, some 
additional processes are used by which a larger 
quantity of the acid is obtained from the same 
quantity of materials, than can be obtained by the 
above process. 

406. This acid and the carbonate of soda form 
the soda powders^ of which great quantities are pre- 
pared and sold during the hot season. 

Ohs. The acid is pulverized and put into a paper by itseUl 
Another paper contains the soda also in line powder and dried^ 
90 as to deprive it of the water of crystalization. By trial it is 
ascertained, what quantity of the soda is required to saturate a 
given number of grains of the acid, and the powders are pro- 
portioned accordingly. To prepare soda water from these 
powders, the acid is dissolved in a tumbler of cold water, mixed 
with a little syrup or not, as suits the taste : the soda is then 
thrown in and the water is drank during the effervescence. 

The effervescence is occasioned by the escape of the carbonic 
acid of the carbonate of soda ,* this being set at liberty in conse- 
quence of the union between the soda and the tartaric acid. 

407. Gallic acid. This acid is found in abundance 
in nut-galls, and in less quantities in many other 
substances. Itmay be procured by several difier- 
ent processes. 

Exp, 1. Put some pounded nut-galls into a retort and apply 
the heat of a sand bath or lamp. The gallic acid will rise and 
be condensed in the neck of the retort in a solid form. 

% Boiljin ounce of powdered galls in sixteen ounces of wa- 
ter, down to eight, and strain the decoction. Precipitate also 
two ounces of alum dissolved in water with a^ sufficient quantity 
of carbonate of potash^ and after having washed the precipitate 

Digitized byCjOOQlC 



ACIDS. 149 

well, add it to the decoctionof galis and digest the mixtnre 24 
hours, shaking it frequently. The alumine of the alum com- 
bines with, and carries down both the tan and extract ; and the 
filtered solution yields, by gentle evaporation, crystals of gallic 
acid. 

408. This acid precipitates most of the metals 
from their solutions. The precipitates from solu- 
tions of gold, silver, and copper, are brown; from 
lead, wmte ; from mercury, orange ; bismuth, yel- 
low; and from iron, deep black. 

409. Gallic acid is of great importance, as it 
forms the base of ink, and is one of the principal 
ingredients in those dyes which colour black, or 
any of its shades. 

Obs. It instantly strikes a black with solutions of iron. Hence 
a decoction of nut galls is used as a test for iron. 

410. Ink is made by adding sulphate of iron to 
a decoction of galls. Hence ink is in part com- 
posed of gallate of iron. In addition to these in- 
gredients it contains gum, which is added to hold 
the gallate in suspension and prevent it settling to 
the bottom, which would be the case were the so- 
lution made of pure water. 

Obs, The following is said to be the best method of making 
ink. 

Take eight ounces of Aleppo galls (in coarse powder ;) four 
ounces of logwood (in thin chips;) four ounces of sulphate of 
iron ; one ounce of sulphate of copper (blue vitriol ;) three oun- 
ces of gum-arabic (in powder ;) and one ounce of sugar candy. 
Boil the galls and logwood together in twelve pounds of water 
for one hour, or until half the liquid has evaporated. Strain the 
decoction through a cloth and then add the other ingredients. 
Stir the mixture till the whole is dissolved, and leave it 24 hGiprs 
to subside. Then decant the ink and preserve it! in glass or 
Btone ware bottles well corked. 

411. Citric acid^ otherwise called salt of lemonsj 
is found in the juice of limes and lemons, along 
with a quantity of extractive matter and mucilage, 
and witn variable proportions of malic, and some- 
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times acetic acid. It is sometimes abtained in a 
separate and pure state, by first saturating the ex- 
pressed juice with chalk, by which a citrate of lime 
IS formed, sthd afterwards by decomposing this salt 
by means of sulphuric acyd. 

lUus. To the expressed juice of lemons or limes, add very 
gradually, finely powdered carbonate of lime, or what is sold 
under the name of whiting , and stir the mixture afler each ad* 
dition. An effervescence will ensue : and as long as this ari- 
ses, fresh portions of the'chalk must be added. When the effer- 
vescence ceases and the liquor has lost its sour taste, allow the 
mixture to settle ; decant it into another vessel, and add a quan* 
tity of water. Let the powder again subside, and decant again, 
and do this as long as the water comes off turbid. The insolu- 
ble precipitate is the lime united to the citric acid. 

The object now is to separate the lime, and obtain the acid 
in its pure state. For this purpose, pour upon the citrate of 
lime a quantity of sulphuric acid, equal in weight to the chalk 
employed, having first diluted with ten parts of water, and pro- 
ceed exactly as has already been described for obtaining tartar- 
ic acid. 

412. Pure citric acid forms beautiful transparent 
crystals, which are very soluble in water ; an ounce 
of the fluid dissolves more than an equal weight of 
the salt. 

4\3. This acid dissolved in water, .is used as a 
cooling beverage in fevers. When drank in large 
quantity, it is said to be an antidote against the 
effects of opium, when taken in an over dose* 
With the bases it forms salts called citrates. 

414. Malic acid. This gives the sour taste to 
fruits, as apples, gooseberries, &c. From these 
an^ other sour fruits it may be obtained, by a pro* 
cess simjiar to those described for obtaining the 
tartaric and citric acids. 

This acid combines with some of the bases and 
forms mcdafes. No use has been made of these 
salts^ 
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415. PyroUgneom acid^ or acid of burnt wood, is 
obtained by the destructive distillation of wood m 
iron retorts. 

lUus. When this acid is manufactured in Javge quanlities, a 
furnace is constructed of hrick, through which pass cast iron 
eyltnd^s, of a capacity to hold several hundred pounds^ wood. 
The ends of the cylinders project a few inches through the bride 
■mt each side of the furnace. Both ends of the cylinders are 
ftrnished with cast iron discs (ht covers, nicely fitted. From 
one of the discs there proceeds an iron tube, wkkh passes 
through a vessel of cold water to condense the aeid. The oth- 
-er end is called the mouth of the retort Here the wobd is pot 
in. The hard woods, as oak, birch, beech, &.c. alone are used. 
Fine does not answer. When the retort is filled, the disc is pot 
in its place, and made airtight by luting. A fire is then kindled 
in the furnade and kept up during the day. At night it is 4Buf- 
fered to go out, and in the morning the charcoal is removed, and 
a new charge of wood introduced. The acid is received into 
proper vessels for use. It is of a deep brown colour, and much 
eontaminated with tar, charcoal, df^c. 

416, Pyroligneous acid has lately been discov- 
ered to possess the property of preventing the de- 
composition of animal substances. ^' It is suffi- 
cient,'' it is said, ^^ to plunge meat for a few mo- 
ments into this acid, to preserve it as long as jo^ 
please.^' 

Obs. 1. The following fiusts OB this subject, are comionediil 
the 5th number of the Edinburgh Philosophical Journal, 

If fish be simply dipped in re-distilled pyroligneous acid, of 
the specific gravity of 1.012. and dried in the shade, they pre- 
serve perfect^ well. A number of haddocks were cleansed, 
mp^ and slightly sprinkled with salt for sk hours. After being 
drained they were dipped in the acid for about three seconds, 
and hung up in the shade for about six days. On being broiled, 
the fish were of an uncommonly fine flavour and perfectly white. 

Obs. 3. The following facts on the same subject, are from 
Ike London lfedi<»i] InteDigencer. The writer is Dr. Stanley. 
Haviiu^, he says, made several experiments on the above named 
acid, the results of which were favourable, on the 6th of Octo* 
ber, 1819, I prepared two pieces of fresh meat (beef) with the 
purified aeid, applying it l|ghtly over thefar surfaces, by means of 
a small brush. 
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After hanging up in my kitchen till the 12th of November 
following, I gave one of the specimens to the captain of a vessel 
bound for the West Indies, with directions to observe and note 
any shange that might take place during the voyage, and to 
bring it back to me on the return of the ship to port. In the 
m(mth of October, 1820, he restored to me the specimen. He 
had examined it several times on the voyage out and during his 
stay of some months at the island of Tobago, as did several gen- 
tlem resident there, but no perceptible change could be detect- ^ 
ed. On comparing it with the specimen kept at home I could 
observe no sensible difference in their appearance. 

On the 2Ist of December following, I caused both to be thor- 
oughly broiled, and when served up, they were declared by sev- 
erd gentlemen who tasted them with me, to be perfectly fresh 
and sweet, and with the additicm of salt and vegetables, a pal- 
atable and wholesome dish. 

417. It is well known that flesh and fish can be 
preserved by smoking when very little salt is used. 
Hams, tongues, herrings, &c. are kept in this way. 
The above facts account for this circumstance. 
The smoke is in part composed of pyroligneous 
acid. It is this men which preserves smoked 
meats from putrefaction. 

418. The presence of an acid in smoke also ac- 
counts for its being so offensive to the eyes. 

419. It was lon^ thought that the pyroligneous 
was a peculiar acid, but latter experiments have 
shown that it is nothing more than the acetic acid, 
containing impurities. If this acid be several times 
rectified by distillation, there rises At last, strong 
and colourless acetic acid fit for culinary purpo- 
ses. In some parts of Scotland, wood vinegar is 
manufactured in large quantities, by the same pro- 
cess which has been described for obtaining pyro- 
ligneous acid, only that in addition to Uiat process, 
the acid is purified by re-distillation. Thus the 
impure acid of wood is called pyroligenous, but 
when purified it becomes wood vinegar or acetic 
acid. 
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Obs, After the acid is purified by being onoe distSled, it is 
in a proper state for preserving meat ; but when it is perfectly 
pure, and in the form of acetic acid, it still has more or less the 
same property. 

Phosphoric acid. See phosphorus. 

420. Lactic acid. This acid forms k component 
part of sour milk. No use is made of it in the arts 
or otherwise. 

421. Formic acid, or the acid of ants, is procu- 
red by the distillation of that insect. 

lUus. A quantity of red ants are put into three times their 
T^eight of water and distilled. The product is saturated with 
carl^nate of potash, which forms ^formate of potash. The for- 
nfic acid is procured by decomposing this salt by means of sul- 
phuric acid. This acid possesses some peculiar properties which 
distinguishes it from all others. It is of no use. 

422. Prussic acid, called also hydrocyanic, acid, is 
considered as an animal product, though it is also 
contained in some species of plants. It is chiefly 
obtained' from Prussian blue; but a plant called 
lauro cerasus, and several kind& of nuts, or kernels 
also yield it by distillation ; among these are the 
kernels of bitter almonds, and those of the peach^ 
wild cherry, and several others. 

Obs, Prussian blue is made, by calcining blood or other ani- 
mal matter, with carbonate of potash, to which are afterwards 
added solutions of alum and copperas. This addition occasions 
a precipitate, which is at first green, but becomes of a beautiful 
blue, on the addition of muriatic acid. This precipitate being 
washed and dried, is the common prussian blue. Its composi- 
tion is prussiate of iron mixed with the earth alumine. 

423. Prussiate of iron is decomposed by red 
oxide of mercury and prussiate of merctiry is 
formed. This latter salt is decomposed by iron 
and sulphuric acid, and the prussic acid is set free. 
These are the principles on which the prussic acid 
is obtained. 

UIus. Mix together in a convenient vessel, 4 ounces of fine^ 
powdered Prussian blue, 2 1-2. ounces of red oxide of mercui^x 

14 * 
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(red precipitate^ and 12 ounces of water. Boil the mixtcrre for 
half an hour. The blue colour will disappear, and the solution 
will become yellowish green. Filter the solution and wash the 
residuum by pouring on boiling water enoi^^h to make up Uie loss 
by evaporation ; let this also pass through the filter. Put the 
Bolution which is a prussiate of mercury into a 
retort, containing two ounces of clean irou 
filings. Connect the retort with a receiver^ 
I and place them on the lamp furnace, as in fig. 
' 32, taking care that the jjuncture is made air 
tight, which may be done by winding a vet 
rag round the neck of the retort Next pour 
^ into the retort one ounce of sulphuric acsd di- 
luted with three or §o^r parts of water, and 
stop its tttbttlure by passing in a strait glass 
tube, which has already been prepared by be- 
iag passed through a coric, or wound with a 
piece of wet rag. The lamp is oow to he light- 
ad, and ^ distillation carried on with a slow heat until three 
ounces of prussic acid are obtained. 

Onttian. As the fbmes are poisonous when breathed, it is pro- 
|»er to set the apparatus in a fire place, so that if any escape they 
may go ap the chnnney- 

. The receiver must be kept cold, and protected from the light 
by surrounding it with a wet cloth. 

As this acid is decomposed by light and warmth, it must be 
kept in a cool and dark plaoe. Even these precautions do not 
prevent Its decomposition lor viore than two or three months. 

0§5. The young pi^ may not undentaBd every part of (he 
ri^ofe proe^ess without some evplaaation. 

In the Prussian Uee, the prnssie acid eaisls in combination 
9ilh iien. The red oxide of m«veury having a stisoiiger aftiity 
iM the acid than the iron has, the prossiab blue is dMoapowd, 
and a prussiaie ofmerewry is forined which is sokihle in water. 
On the eddiliea of the nam filings and sulpherie acid to ths so- 
letion, the iron absorbs the oxygen firom die mercury, which is 
then precipitated in its metallic state ; and at the aame instant 
that the iron is oxidized, it is dissolved by the sulphuric acid. 
Thus then the prussic acid is set firee, because it does not unite 
wkh metakr, bat only wilii their oxides,, and as the iron dq[>rives 
the prussiate of mercury of its oxygen, the prussic acid remains 
4eteched in the sohition oi sulphate of iron. Now die prussic 
4cid beiiy volatile, while th^ milphate of inm is not, it is easy to 
obtain it by distillation. 
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424. Prussic acid is a colourless fluid, like water, 
it has a strong smell resembling peach blossoms, 
or bitter almonds ; this is so strong as sometimes 
to excite coughing. Some persons feel a slight 
stricture across the chest, or pain in the head on 
breathing it. Animals placed in its vapour, die in 
a few minutes. When given in large quantities it 

Sroduces death in two or three minutes. It is in- 
eed the most prompt and active of all poisons. 
It soon loses these properties on being exposed to 
the open air, the light also decomposes it in a short 
time. 

Caution. The pupil, on account of the complicated procefii0, 
and the poisonous qualities of this acid, had better not attempt 
to make it, until he has considerable knowledge of practical 
chemistry. 

Obs, This acid is used in doses of a few drops as a medicine^ 
in diseases of the lungs, indigestion, &c. 

425. Sebactc acid, may be obtained from various 
species of animal fat. 

IHus, To hog's lard, melted in an iron kettle add pulverized 
quicklime, and stir the mixture for a few minutes, raising the 
heat towards the end of the process. When the lard is cold, 
pour on it a large quantity of water ; boil them together and fil^ 
ter the liquor. A brown acid salt will separate on cooling, con- 
sisting of lime united with the sebacic acid. The acid is obtain- 
ed in a separate state by mixing this salt A^ith a sulphuric acid 
in a retort and distilling. The acid in question rises in the 
form of a white liquid, which has a penetrating smell, and ied«* 
dens vegetable blues. 

OF THE SALTS. 

426. The compound resulting from the union of 
an acid wih an alkali, an earth, or a metallic oxide, 
is called a salt. 

427. The substance which combines with the 
iacid to form a salt, is called the base. Thus soda is 

the 6<we of muriate of soda. 
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428. When the base has combined with such a 
quantity of an acid as completely to destroy the 
peculiar properties of both the acid and the base, 
the acid is said to be saturated^ and both acid and 
base are said to be neutralized. Such compounds 
are called neutral salts. Glauber's and Epsom salts 
are of this kind. 

429. When a salt contains more acid than the 
base saturates, or when the acid predominates the 
latin preposition super^ is prefixed to its name, as 
supertartrate of potash. Such salts are often sour 
to the taste. 

430. When the salt contains more of the base 
than is saturated by the acid, or when the base 
predominates, this circumstance is denoted by the 
preposition sub^ as subcarbonate of potash. 

431. Most of the salts are soluble in water, 
though some are insoluble. While they are dis- 
solving they absorb heat, and consequently pro- 
duce cold. This plienomenon is explayiedby Dr. 
Black's law, — see Caloric. 

432. When water is saturated with 6ne salt, it 
is not thereby prevented from taking up another. 
Thus a given quantity of water will dissolve a cer- 
tain portion of carbonate of lime .and no more, 
but is still capable of dissolving as much potash 
as though it held no lime in solution, and after be- 
ing saturated with potash will dissolve sugar, &c. 

Memark 1. The explanation of the nomenclature belonging to 
the salts has been given in the remarks on aeids in generid. 
2. Only the most important among the salts will he described. 

SULPHATES. 

433. The sulphates, when healed to redness 
with charcoal, form sulphurets. When tested with 
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ffohttion of bai^tes, they furnish copious precipi- 
tations. 

434. Sulphate of soda^ or Glauber's salt. This 
salt is chiefly prepared from that which remains 
in the retort after the distillati<5n of muriatic acid. 
It will be remembered that muriatic acid is obtain- 
ed by distilling a mixture of common salt and sut 
phuric acid. The latter acid combining with the 
soda of the salt, forms sulphate of soda, while the 
muriatic acid is set free. This new salt being dis- 
solved in water and saturated with carbonate oT 
soda, in case the acid predominates, forms the com- 
mon Glauber's salt. 

Obs. 1. This salt fonns regular transparent crystals of a pris- 
matic figare, terminated by pyramids truncated near their base. 

2. Its water of crystalization amotmts to about half the weijght 
of the salt. 

3. Is is strictly a neutral salt, as neither the alka!i, nor acid 
predominates. 

4. It is very sohibl^ in water, three parts of which at 60 de- 
grees dissolves one of the salt. It is coffliposed of soda 46, aa4 
acid 54, to the 100. 

Its use as a medicine, is well known* 

435. Sulphate of Barytes. This salt is found na- 
tive, and is sometimes called baro-selinite^ or heavy 
spar. It can also be formed by mixing the earth, 
barjtes with sulphuric acid. In the native state it 
is a white, or yellowish stone of a crvstalline ap- 
pearance, being romposed of lamallar crystak^ 
which when br^en present plane shining £9tce9i 
One of its most remarkable properties is its great 
weight, being heavier, bulk for bulk, than any 
other earthy substance. 

436. Sulphate of barytes, when treated in a cer- 
tain manner afibrds one of the solar phosphori. 

iduB. The native sulphate beins^ powdered and ignited^ is 
sifted and mixed with mucilage of gum arable. This is then 
^vided into cyUdders (rfone fourth of «& iacb in thickness. 

14* 
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These after being dried in a moderate healf are to be exposed 
to the heat of a wind furnace, placed in the midst of the char- 
coal. When the fuel is half consumed it must be replenished, 
and suffered to burn out. The cylinders wW be found retaining 
their original shapes among the ashes. They must be preaerr- ' 
ed in a well stopped vial. 

This phosphorus, after being exposed a few minutes to the 
suii*s rays, shines in the dark sufficiently to render visible the 
dial of a watch. 

437. Sulphate of barytes, artificially formed, is 
composed of about 66 barytes and 34 acid to the 
100. 

438. Sulphate of Lime^ is found native in great 
abundance, and is known under the name of plas' 
ter of Paris^ gypsum^ &c. It is chiefly employed as 
a manure. It is also used as a cement. 

06s. It contains about 21 per cent of water, which is easily 
evaporated when the salt is exposed to a low red heat. What 
remains is an impalpable powder of a beautiful white. Thi^ 
powder is composed of lime 58, and acid 42 = 100. 

439. Sulphate of Magnesia, or Epsom salt. This 
salt is obtained by the evaporation of the water of 
some springs which oontam it in solution. It is 
also found in sea water, and is sometimes prepa- 
red from what is called the bittern, which remains 
after the common salt is extracted. It is easily 
composed by mixing together its ingredients, sul- 
phuric acid diluted with water and magnesia. 

Ohs. Sulphate of magnesia crystallizes in the form of small 
quadrangular shining prisms. It undergoes no change whea 
exposed to the air ; is very soluble in water and undergoes a 
watery fusion when exposed to heat. Its principal use is as a 
medicine. It is composed of water 50, acid 33,5 and magnesia 
16.5 to the 100. 

440. Sulphate of Jlumine. Common alum. The 
alum of commerce is dug out of the earth, where 
it is found in the native state, sometimes tolerably 
pure and in large masses, aad s^ometimes diffused 
in beds of day, or slate, or intermixed with vari- 
ous other substances. 
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Ohs* 1. When it is found ready formed in earths, or friable 
minerals, it is extracted by collecting the earth into proper ves- 
seb, and pouring on water, which passes through, dissolves the 
alum and holds it in solution. The water is then evaporated 
until the salt crystallizes. 

2. When the mineral which furnishes this salt is an alumin- 
ous clay mixed with sulphur and iron, another method is taken. 
Here, although most of the ingredients which form alum are 
present, yet no salt is formed. To form the salt the clay con- 
taining the .iron and sulphur is exposed to heat, or merely to the 
air until the sulphur becomes acidified or converted into sulphur- 
ic acid, this then unites to the alumine and 'forms a sulphate. 
If no potash be present in the earth, a quantity is added, as this 
is necessary to form alum. The clay is then treated by lixivia* 
tion and evaporation as above. 

3. The uses and common properties of alum are so well known 
as to need no description. 

441. A combination of alumine, sulphur, and 
charcoal forms Homberg^s pyrophortis. 

lUus. To prepare this, powder an ounce or two of alum and 
mix with it an equal quantity of brown sugar. Put the mixture 
into a ladle, or earthern dish, and keep it stirring over a fire un- 
til all the water is driven off. Then pulverize it finely, and in- 
troduce it into a common vial coated with a mixture of clay and 
sand. Lute to the mouth of the vial a small glass tube, or stem 
of a tobacco pipe, to allow the moisture and gases to escape. 
The vial must then be set in a crucible surrounded by sand, and 
the whole set in a fire and gradually heated to redness. Water 
will soon issue firom the end of the tube, and afterwards a gas, 
which on being lighted, burns with a blue flame. 

After the flame goes out, keep up the heat for about fifteen 
minutes, and then remove the crucible from the fire, and imme- 
diately stop the orifice of the tube with a piece of clay. When 
the vial is cool enough to be handled, the pyrophorus must be 
hastily poured into warm and perfectly dry vials and corked from 
the air. It will be in the form of a black powder. 

442. This powder is a curiosity, and sometimes 

a convenience, 

lUu$, If it is exposed to the air, it undergoes spontaneous ig- 
nition, giving out the smell of sulphur, and glowing with a red 
heat. If a small quantity be poured on a piece of paper it sets 
it on fire. If the vial is held a few fe^t firom the ground and it 
is shaken out, a Ktde at a time, it resembles a shower of fire. 
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lb oxygen gas it bams or eX|^odeo witti violence, ^Qg out inr 
tense heat and light, affording a beautifol experiment. 

443. Small vials filled with it may be kept fiwr 
years, provided care be taken to prevent access of 
air. The most' effectual method is to immerse their 
mouths under mercury. 

Obs. 1. This powder affords a convenient method of obtain- 
ing fire for common purposes. 

2. In regard to the chemical changes which the alum and 
sugar undergo to form this curious substance, Mr. Accum sup- 
poses that the red heat to which they are exposed, causes the 
sulphuric acid which the alum contains, and the charcoal to 
which the sugar is reduced, to react on each other, by which, 
part of the charcoal is converted into carbonic acid and is drivei 
off in that form, at the same time the oxygen which the sulphur- 
ic acid imparts to the carbon, converts a part of this into sulphiB^ 
ous acid, which also makes it esci^ ; the blue flame is proba* 
bly caused by sulphurated hydrogen ; the hydrogen being form- 
ed by the absorption of the oxygen of the water, by the carbon 
of the sugar. The remainder of the sulphur unites to the pot- 
ash of the alum and forms sulphuret of potash. 

Thus the oowder consists of sulpuret of potash, alumine and 
carbon. Wnen this is exposed to the air the sulphuret absorbs 
the oxygen, not only from the air itself, but also from the water 
which it contains with such avidity, as to occasion a degree of 
heat which sets fire to the charcoal and sulphur. 

NITRATES. 

44H. The nitrates by the action of fire, furnish ox- 
gen ^as. Most of them scintillate when thrown on 
burning charcoal. 

Ohs. This last effect Is in consequence of their iftereii^|r the 
combustion by imparting oxygen gas. Hence most of tbe ni- 
trates are capable of supp<Mrting combustkm. 

445. Mtrate of Potash. Nitre. Saltpetre. This 
well known substance is found native in aU cottn- 
fries, where circumstances are favotnr^ble to its 
production. It however seldom occurs in large 
masses, but k generally Ibund either in tlie form 
of a wUtish efflOTeseeiace on the soil, or in itaMtl) 
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masses, or incrustations in lip^estone caverns. Its 
particles are also diffused tlirough particular kinds 
of soiU but never to any considerable depth. 

Obs. 1. The mode of obtaining nitre is by lixiviaiion, that is 
by passing water through the earth which contains it. The 
water dissolves the nitre, which is then crystalized by evapora- 
tion. 

2. The calcareous caverns which abound in Kentucky fur- 
nish large quantities of this salt. One of these, situated in Ma- 
dison county, is upwards of 600 yards in length and about 40' 
feet wide. It extends through a hill, and affords a passage for 
horses and waggons to bring out the earth to be lixiviated. One 
bushel of this earth yields from one, to two pounds of nitre. 

*3. The earth taken from under old and decayed buildings, 
which have been inhabited, always contains a quantity of this 
salt, and is sometimes lixiviated for this purpose. During our 
revolutionary struggle, considerable quantities of nitre were 
manufactured in this way. , 

446. The formation of nitre depends on circum- 
stances which are easilv imitated by art. Hence 
a considerable proportion of what is used in the 
arts, is produced by what are called artificial nitre 
beds. These consist of certain materials thrown 
together in heaps, with attention to the circum- 
stances which are known to favour its production. 

lUtis. These beds are made by digging dry ditches, which 
are covered from the rain by sheds open at both ends, for admit- 
ting the air, which appears to be an important part of the pro- 
cess. 

These ditches are filled with the earth from old and decayed 
buildings, as old mortar, dirt from cellars, &c. The refuse of 
slaughter houses, as bits of skin, horns, dc^c. are added, as also 
the soil from barn yards, &c. These substances being mixed 
together in the heap, are now and then turned up with a spade 
to expose all parts to the air. After a succession of several 
months, or less, according to the management of the operation, 
the nitre forms in the mass and is obtained by lixiviation. 

Obs, In the above process the nitric acid appears to be form- 
ed by a combination of the nitrogen, which forms a part of all 
animal matters, and the oxygen of the atmosphore. Hence the 
necessity of a free circulation of air on the materials. The acid 
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(bus fornied, unites to the potash of the vegetable materials 
which the heaps contain, and thus nitrate of potash is formed. 

447. This salt is composed of nearly equal pro- 
portions of the alkali and the acid. 

448. When submiUed to a red heat^ it is decom- 
posed in consequence of the destruction of its 
acid. 

Illus, By distilling nitre in an iron retort or gun barrel, oxy- 
gen gas is obtained in abundance. It is not perfectly pure^ buf 
sufficientlyso for ordinary experiments. 

449. This salt is rapidly decomposed by char- 
coal at a high temperature. It is also decomposed 
by sulphur. 

Illus- Mix powdered nitre and sulphur, and throw the mix- 
ture, a little at a time into a red hot crucible^ The sulphur will 
unite with the oxygen of the nitric acid, and form sulphuric acid. 
The potash being thus left free, there is formed a union between 
this and the new acid, and sulphate of potash remains in the 
crucible. 

450. Nitre is the heise of gun powder^ fulminating 
powder^ &C. 

IHus, 1. A mixture of five parts powdered nitre, one part sul- 
phur, and one of powdered charcoal composes gunpowder. 
The materials are first finely powdered Separately, then mixed 
together, and beaten with a wooden pestle, a quantity of water 
being added to prevent an explosion. The mixture is after- 
wards granulated by passing it through sieves, and cautiously 
^ied. 

2. Fulminating potoder is made by mixing three parts of 
^wdered nitre, two of carbonate of potash, or common salts of 
tartar and one of sulphur. These ingredients must be careful-^ 
fy mixed by grinding them together in a mortar. 

When a small quantity of thk powder is gently heated nearly 
lo redness on a slxyvel, or by other means, it explodes with vio- 
lence, giving a loud and stunning report. Only 15, or 20 grains 
ought to be exploded at a time, within doors. 

451. JSTitrate of Ammonia. This salt is prepared 
by saturating dilute nitric acid with carbonate of 
ammonia. 

£a;/i. Dilute some aqua-fortis with three, or four parts of wa-^ 
ter. Put this into a porcelain or earthern dish, and set it in a 



d by Google 



MUHIATfiS. 161 

Mmd lialh, or in h^ asbes ; the! tkrovf in pieces of ««fi)Miale«f 
ammonia until it ceases to efferFesce. Continue the evapora^ 
tion until about tvro thirds of the solution is exhausted, or until 
a drop readily shoots into crystals on beipg placed on a piece of 
glass. Then set the dish aside until the cr^ds are formM. 

Remarky if the solistion is eraporated slowly, and with a gen* 
tie heat, and the vessel in which it crystalizes has a broad Balk 
bottom, the crystab are very beautiful, long, shining, triated, 
prisms. If the solution is exhausted nearly to the point of crys- 
talization while it remains hot^ and this is ddne with a higher 
heat, k either shoots into smaH fibrous crystals, or concretes into 
a shapeless raass. 

Ohs, The most important property of thb salt is its yieidiog, 
when decomposed by heat, the nitrous oxide. 

M0RIATES. 

452. The muriates have a saltish taste, more or 
lesa pure. They emit while fiimes when mixed 
with sulphuric ac^iL With nitric acid they emit 
oxymuriatic acid ^6. They are all soluble in 
water, and with difficulty decomposed bj heat 

46X Muriate of Soda. Comsaon salt. Sea salt. 
Of aU the saU»e subi^tancea this is the most con^ 
men and abundant in nature. It is frequently found 
4n extensible solid masses ki die eartli^ or dissolved^ 
in 'Springs and lakes far inland. The ocean, is bow* 
ever, the great depository of this salt, about a thir- 
tieth of its weight being muriate of soda. 

JOus. In CiMBAhine, Engdkknd, there is a mine of this salt, 
whose beds are altecnaAe with those <ci* cky. The furst bed of 
salt oonunenoes about 90 feet below the surface, and varies from 
60 to 90 feet in thickness. Below this there is another bed 
whose thickness isnotlmown, though it has already been pene- 
trated to a^eat depth. The si^ from this mine is carried lo 
LiPSipool where k is porified i^ soivtion in sea water, and by 
subsequent crystallization. Many thousand tons are annually 
Bhippftd firom ihat|^aoe^ apd hence it has acquired the name <h 
Uvirpool salt. 

4&4. In Spain are many salt spriugs; and in Ca- 
talonia there is a mountain of rock salt, whose 
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height is estimated at 590 feet, and it is about three 
miles in circumference. 

455. Common salt is also found in great abun- 
dance in Poland, Germany, Russia, and most oth- 
er countries. In France are found many salt 
springs, but no mines. 

456. In the desert of Lybia there is an immense 
plain covered with a crust of this salt. 

457. In America there has already been discov- 
ered many localities of common salt, either in a 
solid state or dissolved in'springs of water. 

458. In Peru are numerous salt mines situated 
at a great elevation above the sea. It has also 
been found in Chili, Calafomia, St Domingo, &c. 

459. In the United States, salt springs are nu- 
merous in several districts. These springs some- 
times jBow naturally, but are more frequently form- 
ed by sinking wells into those places where this 
salt is known to exist. Most of these springs are 
west of the Allegany mountains ; but in the state of 
New-York, there are several in the vicinity of the 
Cayuga and Onondaga lakes. 

Obs, From many of these springs salt is obtained by evapo- 
rating the waters, either by boiling or by exposure to the sun in 
shallow vats. 

JUus. It is estimated that the whole quantity of salt extracted 
from saline springs in the United States, exceeds six hundred 
thousand bushels. Of this, the springs at Onondaga and Cayu- 
ga furnish about three hundred thousand bushels. 

460. Muriate of soda is also extracted from sea 
water^ by heat or exposure to the air and sun. 
During our revolution, considerable quantities 
were prepared by the former method in this coun- 
try. 

Obs, 1. This salt crystalizes in regular cubes. It requires 
for its solution, twice and a half its weight of water at the tem- 
perature of 6p degrees. 
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2. When heated gradually, it fuses, and forms when cold a 
solid compact mass. When mixed with charcoal or sulphur, 
and ignited in a crucible, it is not decomposed, nor does it un- 
dergo any change. 

3. It is decomposed by sulphuric acid in consequence of the 
strong affinity of the latter for the soda which it contains. 

4. It is on this principle that muriatic acid is obtained. 

5. Muriate of soda, is composed of acid 46 and soda d4s=]00. 
Muriate of Ammonia, See Ammonia. 

461. Muriate of lime. To prepare this salt, sat- 
urate with pure white marble any quantity of mu- 
riatic acid, diluted with two or three parts of wa- 
ter. Then evaporate the solution and set it awaj 
to crystallize. 

Ohs. This salt absorbs water with such extreme avidity, as 
to effect its own solution in a short time when exposed to the 
air. 

It is composed of neariy equal parts of acid and base, and 25 
per cent, of water. 

OXYMURIATES. 

Remark. These salts have lately been called Chlorates and 
Hyper Oxymuriates, We shall call them Chlorates. 

462. The Chlorates give out very pure oxygen 
gas when submitted to neat, and turn to muriates. 
They inflame some combustible substance spon- 
taneously, and with violent detonations. 

463. Chlorate of Potash. This salt is prepared 
by passing chlorme gas through a solution of caus- 
tic potash. 

Exp, I. Grind together in a mortar four ounces of common 
salt and one ounce and a half of black oxide of manganese, and 
pot the mixture into a stoppered retort. Connect with the re- 
t<^ a balloon, as in fig. 33, and from the balloon let a bent glass 

tube pass into a three necked 
bottle, fined with a strong solu- 
tion of caustic potash, so as 
nearly to reach the bottom. 
After every thing ia arranged 
as in the figure, and the junc- 
tures are madie tight, pour into 
the retort thiough the safety 
15 
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tube two ounces of sulphuric acid, diluted with an equal quan- 
tity of water. Then apply to the retort the gentle heat of a 
lamp. Or, 

Exp. 2. Introduce into the retort four ounces of muriatic 
acid and two ounces of finely powdered black oxide of manga- 
nese, and proceed exactly as above. 

Ohs. The Chlorine gas which is formed by. either of the 
above experiments passes into the solution, where it combines 
with the potash. When this is saturated, the gas will pass off 
at the bent tube. To obtain the salt evaporate the solution 
gently and on cooling it will deposite small shining crystals. 
These are chlorate of potash. The first product only must be 
reserved for use, as after this, the crystals are merely muriate of 
potash. 

Caution. Care ^ust be taken not to let any of the Chlorine 
escape into the room. Violent coughing, and even death has 
been produced by breathing this gas. 

464. When chlorate of potash is submitted to 
distillation in a coated glass retort, it first fuses, 
and on a further increase of temperature yields ox- 
ygen gas of great puritj. 

465. This salt alone has no power in discharg- 
ing colours, but by the addition of a little sulphu- 
ric acid, the chlorine is set free, and vegetable 
colours are destroyed by it. 

466. When mixed or rubbed with inflammable 
substances it effects their combustion with more 
or less rapidity. 

Exp, 1. Rub two grains of chlorate of potash in a mortar, 
and add one grain of sulphur. Mix them accurately by gentle 
trituration, and having collected the mixture to one part of the 
mortar, press the pestle down upon it suddenly and forcibly. 
A loud detonation will ensue. 

467. If the same mixture be wrapped in some 
strong paper, and then struck with a hammer, a 
still louder report will be produced. 

2. Mix in a mortar five grains of the salt with half the quan- 
tity of powdered charcoal. On rubbing the mixture. stron^y 
*with a pestle it will inflame. 

3. Mix a small quantity of sugar with half its w^eight,of the 
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salt, and on the mixture pour a little strong sulphuric acid. A 
sudden and vehement inflammation will be produced. 

Obs, The red French matches are prepared on the above 
principle. Having finely powdered some of the salt separately, 
mix it with double its weight of white sugar, moistened, so as to 
make it into a paste and at the same time to prevent explosion. 
Then dip common brimstone matches in the paste and let them 
dry. The bottle into which they are dipped contains strong sul- 
phuric acid, which is prevented, from escaping by a quantity of 
finely spun glass, or some fibres of asbestos. To light one of 
these matches, it is only necessary to dip it into the bottle. 

Expl The chlorine of the chlorate of potash being set free, by . 
the stronger affinity of the sulphuric acid for its base, accension 
takes place in consequence of the action of the chlorine on the 
hydrogen and carbon of the sugar. 

In the above instances, where mixtures of this salt and com- 
bustibles are inflamed by friction, or percussion, the chlorine is 
extricated by the heat caused by the friction, or percussion. 

JSxp. 4. To one grain of the powdered salt in a mortar, add 
about half a grain of phosphorus and rub them together with the 
pestle. Very violent detonations will be produced, attended 
with vivid flashes of light. 

Caution, The hand which holds the pestle should be covered 
and the face averted, as the inflamed phosphorus sometimes flies 
several feet. 

Exp, 5. Put into a wine glass ten or twelve grains of the 
salt, and two or three of phosphorus, and fill it nearly with wa^ 
ter. Then by means of a glass tube reaching the bottom, pour 
in a dram or two of sulphuric acid. The phosphorus will take 
fire and burn vividly under water. 

Exj)l. The sulphuric acid, at the same time it heats the phos- 
phorus by raising the temperature of the water, and thus pre- 
pares it for combustion, extricates the chlorine from the potash, 
by which the combustion is supported. 

468. Chlorate of potash may be used in the 
preparation of gunpowder, as a substitute for nitre ; 
but the mixture of the ingredients requires extreme 
circumspection, as they sometimes explode to the 
great dansjer of the operator. 

Caution, Mixtures of this salt with sulphur sometimes ex- 
plode spontaneously. All experiments with.it should be made 
with great care, and only in small quantities. 
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469. The carbonates of the alkalies, always pre- 
aerve more or less their alkaline properties. These 
salts are decomposed by any of the strong acids, 
occasioning a brisk effervescence^ owing to the ' 
escape of carbonic acid. The carbonates of the 
metals very much resemble their oxides. 

470. Carbonate of lime. Nature furnishes this 
salt in great abundance. What are called calcare- 
ous minerals, as limestone, marble, one kind of 
alabaster, marl, chalk, &c. are more or less carbon- 
ates of lime. 

471. The carbonate of lime is soluble in the 
nitric, sulphuric, or muriatic acids. During the 
solution there is a brisk effervescence, occasioned 
by the escape of carbonic acid. 

472. By a strong heat the carbonic acid is driv- 
en off, and quicklime remains. 

inus. Lime, or quicklime, the article used in making mortar, 
is prepared by submitting limestone to a strong heat in kilns, 
erected ibr that purpose. The carbonic acid being bjr this 
means expelled, there remains a substance, which instead of 
being mild and inert as before, has now become extremely caus- 
tic, destroying both animal and vegetable substances. 

Obs, Lime has a strong affinity for carbonic acid, from which 
it is separated only by an intense heat, or by an acid stronger 
than the carbonic. In the state of carbonate oflime,therefore4 
it does not act on other substances. 

473. Carbonate of lime is decomposed by the 
stronger acids, the carbonic acid being set free, 
while a new salt is formed, 

JExp, Put some powdered chalk or marble into a vessel, and 
pour on it some sulphuric acid, diluted with five or six times its 
bulk of water. A violent effervescence will be occasioned in 
consequence of the escape of carbonic acid. At the end of the 
experiment, sulphate of Umf. will be found to' have taken the 
place of the carbonate. ^ 
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474. Lime absorbs carbonic acid from the at- 
mosphere. 

Illus, Leave a shallow dish of lime water exposed to the air. 
In a few days a white crust will be formed on the surface, which 
if broken will fall to tl^ bottom, but will be succeeded by an- 
other. These crusts are carbonate of lime. 

47 r>. Carbonate of lime, though scarcely soluble 
in pure water, is considerably so in water contain- 
ing carbonic acid. 

Exp, Add to a jar about one fourth filled with lime water, a 
very small quantity of water saturated with carbonic acid. An 
immediate milkiness will ensue, because the carbonic acid forms 
with the lime an insoluble carbonate. Add gradually, more of 
the water impregnated with carbonic acid, shaking the jar as 
these additions are made. At last the precipitate will be re- 
dissolved. Hence it appears that lime, with a certain propor-^ 
tion of carbonic acid, is insoluble, but with a larger proportion it 
is soluble. 

476. Carbonate of potash. This is the common 
potash^ or as it is CQWeA pearlash, — For an account oj 
its preparation^ &rc. see potash. 

477. Carbonic acid is absorbed in great abun- 
dance by pure potash. 

Illus, Fill a common vial with carbonic acid gas over water, 
and stop it With the thumb. Then invert the vial in a solution 
of pure potash contained in a cup, and rather exceeding in quan- 
tity what is sufficient to fill the bottle. The solution will rise 
in the vial, and if the gas be pure, will fill it entirely. Pour out 
the alkaline liquor, and again fill the vial with the gas and pro- 
ceed as before. In this way it will be found that the alkali is 
capable of absorbing several times its bulk of carbonic acid. 

In consequence of the absorption of the carbonic acid, re* 
markable changes are efiected on the properties of the potash. 

Illus, After absorption of the acid, the potash will be found to 
have lost much of its corrosive and penetrating taste. It no 
longer destroys the texture of woollen cloth, but still turns to 
green the blue infusions of vegetables. Before its abvsorption of 
this gas, nothing remarkable ensued on mixing it with dilute 
sulphuric acid, but if this, or almost any other acid be now ad- 
ded, a violent effervescence will ensue, arising from the escape 
of the gas that had been previously absorbed. 

•15 
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478. The potash, and pearlash of commerce are 
sub-carbonates of potash of different degrees of puri- 
ty. The quantity of carbonic acid contained in 
these alkalies may be learned by a very simple ex- 
periment. • 
. Exp, Put one or two hundred grains of the alkali into a Flo- 
rence flask and add a few ounces of water. Take a vial filled 
with dilute sulphuric acid, and place this as well as the flask in 
one scale. Balance the two by putting weights into the oppo- 
site scale, and when the equililKium is exactly attained, pour 
the acid into the flask of alkali till the effervescence ceases. As 
the gas makes, its escape the side containing the weights will 
gradually sink, and the addition of weights to the other side of 
the scale will show the amount of loss 

The sub-carbonate, or common potash, contains about 30 
parts of acid to 70 of the alkali^ to the 100. 

479. Bi-catbonate o( PoteLsh. Common potash 
may be fully saturated with carbonic acid by the 
following process. 

Exp. To a filtered solution of four pounds of pearlash in fottr 
quarts of water, add one pound of carbonate of ammonia, re- 
<luced to powder ; and stir the mixture* at intervals, till the car- 
bonate of ammonia is entirely dissolved. Filter the liquor, and 
put it into a retort, connected with a receiver and distil off with 
a very gentle heat about half a pint of the liquor, which will be 
a solution of carbonate of ammonia in water. The solution may 
then be transferred from the retort into an evaporating dish. 
When cold, crystals of the bi-carbon ate of potash will be formed. 
Tf, however, the crystals do not shoot, the liquor must again be 
put into the retort, and the distillation repeated. Afler the first 
crop of crystals are formed, these must be collected and the li- 
quor distilled again, when on cooling, more will form, and this 
will be the case several times. There will however be a part of 
the solution which will not crystallize. This may be boiled to 
dryness and applied to the ordinary purposes of carbonate of 
potash. 

Bi-carbonate of potash contains about 44 parts of acid, 48 of 
base and 8 parts of water to the 100. 

480. Carbomte of Soda. This is the common 
soda. The mode of procuring it has already b^en 
detailed. 
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Obs, There are two disiioct compounds of carbonic acid and 
soda, one of which contains precisely twice as much carbonic 
acid ^ the other. 

The suh-carbonatey which is the common soda of commerce, 
contains in 100 parts, acid 13.98, base 23.33, water 62.69:=100. 

The bicarbonate is obtained by saturating the sub-carbonate, 
which is done by passing a stream of carbonic acid through its 
so]ution,.or by exposing the dry salt to the action pf the gas in a 
fermenting vat. 

The bi-carbonate has a milder taste than the sub-carbonate 
and requires a larger quantity of water for solution. By expos- 
ure to a red heat the whole of its water and about half of its car- 
bonic acid is expelled. 

Bi-carbonate of Soda contains to every 100 parts, acid 49, 
base 37, and water 14=100. 

COMPOUND COMBUSTIBLE GASES. 

Remark, A table of the gases will be found at page 57. Those 
with simple bases have been noticed with the simple substances, 
and several of the compound gases it was thought best to de- 
scribe in connection with the articles which formed their bases. 

CARBURETTED HYDROGEN. 

481. This gas is composed of carbon and hy- 
drogen. There seems to be several varieties of it, 
differing in the proportions in which the two sub- 
stances unite, and consequently in weight and splen- 
dor of burning. It is chiefly procured by the dis- 
tillation of mineral coal^ but may also be obtained 
from charcoal and water by passing the steam of the 
latter through atube contaming the former at a red 
heat ; from alcohol or ether by passing either of 
them in the state of vapor, through a red hot porce- 
lain tube ; from sulphuric acid and alcohol by distil- 
ling them together in a retort ; and by stirring up 
the mud in $tagnant ditches of water. 

These gases all agree in being inflaxmnable, but 
differ greatly in resjpect to the quantity of light 
which tbey ^eipait dunng combustion. 
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482. The specific gravity of each of these 
gases, depends on the relative proportions of car- 
bon and hydrogen of vrhich it is composed. The 
brilliancy with which they burn is also dependent 
on the same circumstance. 

Thus, the specific gravity of that obtained from 
moistened charcoal is only 480, air being 1000, and 
it burns with a faint blue light not at all fitted to 
the purpose of illumination; that from mineral 
coal when fresh prepared is about 780, and it burns 
with a brilliant white light; that from alcohol and 
sulphuric acid has a specific gravity about 950, and 
greatly surpasses all the others in quantity of light 
which it evolves by combustion. 

Obs. In England, carburetted hydrogen is used for the par- 
pose of lighting streets, houses, factories, &c. For this pur- 
pose it is procured by the distillation of mineral coal. The dis- 
tillation is carried on in large iron retorts, and the gas being first 
passed through a cistern of lime water to purify it, is then car- 
ried in iron pipes wherever it is wanted. The pressure 
which forces the gas along the pipes, and out at the orifices 
where it is burned, is made by means of water, contained in 
a vessel of a peculiar construction, called a gas holder. Wher- 
ever a light is required, a small tube proceeds from the main 
one, which is furnished with a stop-cock and pierced with a 
fine orifice, at which the gas is lighted. 

When a light is wanted, all one has to do is to turn the stop- 
cock and hold a candle to the orifice. To extinguish it, the 
stop-cock is again turned so as to exclude the gas from the ori- 
fice. 

To make experiments on coal gas, procure a pistol barrel, 
or piece of gun barrel stopped at- one end, which may be done 
with a lute made of clay and sand. About half fill the barrel 
with mineral coal in coarse powder, and pass it through a small 
furnace, or chaffing dish of charcoal, so as to heat it red hot. 

Connect with the open end of the barrel a tube of lead, tin, or 
glass, leading under a vessel inverted, and filled with lime water. 
For this part of the apparatus, two small kegs, both of them open 
at one end, will answer very well. Fill the largest of them with 
lime water, and having furnished the other with a stop-cock 
passing through the head, invert this into the other, and on open- 
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ing the stop-cock so as to let off the air, h will sink down and 
fiil with water. When it is full and all the air is forced out, turn 
the stop-cock and then having passed the tube which conveys 
the gas under it, make a fire in the furnace so as to heat the 
gun barrel red hot. The gas will soon be driven off in abun- 
dance. 

To burn it, apiece of lead, tin, or brass tube may be fastened 
to the stop-cock by soldering, or by means of melted bees wax 
and a strip of rag. The upper end of this tube being closed, 
make two or three fine orifices about the size of pin holes 
around the tube. On turning the stop-cock and applying a 
lamp, the gas will burn with a beautiful whit^ flame, the sight of 
which will amply repay the young chemist for the trouble of 
making the experiment. 

To obtain carburetted hydrogen from alcohol by means of 
sulphuric acid, mix together in a tubulated retort, one measure 
of alcohol and three measures of the acid. The alcohol is to be 
poured in first, and the acid mixed with it a little at a time, as 
a great degree of heat would be the consequence of mixing 
them suddenly. Connect with the retort a tube leading under 
the vessel, as described for obtaining the coal gas, and distil 
with a gentle heat. 

This gas exceeds all others in the splendour and beauty of its 
f!ame. 

OXIDES IN THE STATE OF GAS. 

CARBONIC OXIDE. 

483. This is also called mseous oxide of carbon. 
It contains a less quantity of oxygen than carbonic 
acid, but is composed of the same elements. 

484. Carbonic oxide is obtained by exposing 
carbonic acid to the action of some substance, 
which has the power of abstracting a part of its 
oxygen. This may be done by heating in an 
earthen retort or iron bottle, a mixture of equal 
parts of chalk and charcoal. Or by heating in the 
same way, equal parts of chalk and ironfiUngs. 

Obs, In both of these experiments the result is the same. 
The carbonic acid being expelled from the chalk by the heat, 
the charcoal or iron filings having a strong attraction for oxygen. 
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absorbs a portion from the carbonic acid, and the consequence' 
is, that carbonic oxide is formed ; or in other words, the carbon- 
ic acid is changed into carbonic oxide by the loss of a portion of 
oxygen. 

485. This gas may be received over water in 
the usual way, biit if it is required in a state of 
purity, lime water must be used. The last pro- 
duct of the distillation is the purest gas. 

486. This gas is lighter than common air. It is 
infiamable when fired from a small orifice, and 
burns with a blue flame. 

i^l. When burned in the manner which proves 
that hydrogen forms water by combustion, no wa- 
ter is formed which proves that it contains no hy- 
drogen. 

Obs, It is extremely noxious to animals, and fatal to them if 
confined in it. 

NITROUS OXIDE. 

488. This compound gas is composed of oxygen, 
and nitrogen. 

It may be obtained by several processes ; but 
that of distilling the nitrate of ammonia is the only 
one which affords it in sufficient purity for respira- 
tion. For the method of making this salt, see m- 
irate of ammonia. 

Exp, To prepare this gas and try its effects by respiration, the 
following simple apparatus may be used where no better can be 
obtained. Prepare a Florence flask by fitting to it a tube as in 
figure 6. Into this put two or three ounces of nitrate of ammo- 
nia. For a gas holder, fit to a large stone jug a cork pierced 
with two apertures by a burning iron. Into one of the aper* 
tures pass a tube of glass or tin, so that it shall come within half 
an inch of the bottom of the jug when the cork is put in its 
place ; and let the other orifice be stopped with another cork. 

For a pneumatic tub, take a common wash tub, and fit to it a 
strip of board passing through the middle, and about three 
inches from the top, so that when the tub is filled with water the 
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board will be covered. The board must have a hole through it. 
over which the mouth of the jug is to be set. 

Having prepared things as above directed, fill the jug with 
water and invert it over the aperture of the board ; bend the 
tube belonging to the flask so that it will just enter the mouth 
of the jug, and setting the flask on the lamp stand, apply a very 
gentle heat. If there is no lamp furnace at hand, the flask can 
be suspended by a string or wire, and heated by a common lamp, 
or two. The salt will soon melt and become fluid, and the gas 
will be extricated in abundance. When the jug is nearly full, 
which can be told by the noise of the bubbles, slip the hand un- 
der its mouth and set it upright ; then immediately put the cork 
with the tube through it in its place. 

Having prepared the gas, let it stand over the water which 
remains in the jug for an hour or two, shaking it now and then, 
sothat if it should contain any nitrous gas, this may be absorbed. 

To respire the gas, prepare a bladder, or oiled silk bag, by 
attaching to it a tube which exactly fits the second aperture in 
the cork, and having squeezed all the air out of the bladder, or 
bag, pass in the tube. 

Next pour such a quantity of water into the jug through the 
long tube, as you wish to obtain of the gas. It is obvious that 
the gas cannot escape through the long tube, because its lower 
end is immersed in the water. It is therefore forced into the 
bladder. When this is full, withdraw the tube from the jug, 
and holding the nose with one hand, with the other apply the 
tube to the lips, and respire it backward and forwards from the 
bladder to the lungs. 

The lungs must first be exhausted of air by breathing out be- 
fore the gas is inspired. The quantity to be breathed is from 
two to four, or even eight quarts. 

OF VEGETATION. 

489. Notwithstanding the great variety of forms, 
textures, and colours, under which plants and their 
several parts, as seeds, fruit, ^^c. appear, their che- 
mical properties differ only in being composed of 
various proportions of the same principles, oxy^en^ 
hydrogen^ and carbon^ being the principle constitu- 
ents of all vegetables, to which is occasionally 
added small proportions of nitrogen. The vari- 
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ous proportions in which these elements are com- 
bined^ together with the mode of combination, 
causes the great diversity which subsists among 
the products of the vegetable kingdom. 

490. The essential organs of plants are the roaly 
the stents the leaves^ the flowers^ and the seeds. 

Obs, The root serves to attach the plant to the soil, and is one 
of its organs of nutriment. The stem is usually erect and sub- 
divided into branches which bear the leaves BXkdJlowerSf and 
upon which the fruit ot seeds are ultimately produced. 

491. When a seed is placed under certain cir- 
cumstances, favourable to its growth^ it soon un- 
dergoes a change. It swells, grows soft, bursts 
its membrane or shell, and at the same time from 
being insipid and farinaceous, it becomes sweet 
and mucilaginous, and serves for the nutriment of 
the young plant. The stem and leaves are soon 
after elevated above the surface of the earth, in 
search of air and light, while the roots shoot down- 
wards, or spread about under its surface, to ob- 
tain a further supply of nourishment. 

492. The seed^ however various in form, con- 
sists essentially of the cotyledon^ the plume^ and the 
radicle. 

Obs. The cotyledon contains the 

matter neceasary for the early nutr^ 

tion of the young plant. Sometimes 

; it is single, sometimes double, and 

semetimes divisible into lobes. 

The plnme afterwards produces 
the stem and leaves, and is envelop- 
ed by the cotyledons; the radicls 
becomes the root. 
AH these parts are well seen in the gardes, bean. See tbt 
fig. where a a, are the cotyledons ; b the plumula ; c the radicle^ 
and d. d. the eicternal membrane. 

Obs. The circumstances requisite for the healthy germini^ 
tion, or growth of seeds, are principally the foBowing. 

1. A due temperature, which is always above the freezing 
point, and below 100 degrees. 
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% ifeittiiie ma <»itt&in ptopintkm, d^rnndflT on ike kM 
of seed. 

3. A proper acc^8 of air, the oxygen of which is dowiy coti'* 
verted into carbonic acid. The joint operaticm of ail these 
ajgents is necessary ; for seeds exposed to air and moistnre, the 
temperature being b«low 32d^ees, will not grow, though thef 
are not absc^utelf destroyed by Ae frost. Nor will a seed vege- 
tate without air thou^ heat and moisture be pre^nt. This is 
shown by burjdng s^s deep in the earth, and by the sponta»e- 
Otis vegetation upon soil newly turned up and exposed to the 
air. Thus a specimen of alluvial soil on being exposed to l^ 
ak win afield grass, from the seeds it already contained, aind 
which have been for years in a torpid state for want of oxygen. 

This curious fkct is further proved by exposing seeds to 
ptepet degrees of heat and moisture, but contained in the ex*- 
hausted receiver of an air pump. Mr. Ray, found that seeds 
so pkced, could not be made to germinate, bat began to grow 
as soon as the air was admitted. 

493. Seeds do not germinate unless oxygen be 
presetit 

nius. It has been proved by the most careful experiments, 
that oxygen gas is art)soIutely necessary to the germination of 
seeds, ami tlmt no seed will grow in nitrogen gas, hydrogen gas, 
or in carbonic acid, when these gases are pure, or contain no' 
oxygen. It follows therefore, ^at. it is i^it the whole atmos- 
phere, but only the oxygen gas which it contains, that is neces- 
sary to the germination of plants. 

It appears however, ^t only a vety ismall qua^ntity of oxygen 
is necessary to efeet 4lle germinating process, for it is found 
that if the receiver of the air pump in which the experiment is 
made, is not completely exhausted, th%se seeds will sprout, and 
by not producing a complete vacuum, several philosophers have 
been deceived, and hive concluded that air was not absolutely 
recj^she to germination: The growth of seeds when buried to 
a certain depth in the eatlii, also shows that very little oxygen is 
necessary. 

494. When the plant is elevated afcove the soil, 
and shoots forth leaves, it obtains nourishment from 
the air as well as from the earth. 

Obs. The immediate source from which plants obtain their 
food, has been a matter of doubt and controversy. Tt is certain 
however that they will not grow, unless heat, air, 'arid moistiire 
be present at the same time. It also seems requisite fo^ their' 

16 
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vifQioas growth, thai their roots should be placed in the eart&i 
but whether the earth contributes to their nourishment, or 
serves merely to give them support, was a question which for a 
long time renuiined undecided. ^ 

Van Helmont planted a willow which weighed 5 pounds ih a 
pot containing 200 pounds of earth. This he watered for the 
s^ce of five years, and at the end of that time the tree was 
found to weigh 169 1-4 pounds, while the earth being dried was 
fbund to have lost only two ounces of its original weight. Here 
then wasan increase of 164 pounds and yet the only food of the 
j^ant was water. 

This experiment was supposed to settle the question that pure 
water was the sole food of plants, until it was afterwards shown, 
that the water with which the plant was moistened, contained as 
much earth as could exist in the willow at the end of the five 
yeat 8. 

486. Aftar agreat variety of experioieiite on thb 
smbjectit has heeaaacertaiaed that plants will ger^ 
minate in pure water, and that the }rouDg plant 
will for a time grow with no other aliment, but 
that it soon becomes unhealthy, and does not come 
to maturity and produce seed without other nour-; 
ishmeiri:. 

4%. It has also been demonstrated, that plants 
absorb something from the soil on which they grow 
besides water, for on their analysis they are found 
to contain a quantity of earth, which is of the same 
kind with the soil on which they stand. 

497. Another proof that plants require something 
besides wa^er, is ^ifTorded by the fact that soils be- 
come sterile by a long succession of crops, but axft 
s^ain made ^diM^tive by maimre. . 

498. It is not however the earths contained in* W 
soil which makes it productive, but the remains of 
animal and vegetable substances, and the proper-: 
tion of these capable of being held in S(diition b^ 
water. 

IRus, On making an etperfanent by planting 8(hlie tegetablei 
III the pure earths, as silica, almnine, magnesia, &6. anl mbist^ 
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ening them with pure water, it was found that they could not 
be made to grow, but on moistening the earths with some water 
from a manure heap the plants grew well. 

Obs. It is well known that earth alone, such as is dug up at 
a considerable depth from the surface of the ground does no) 
form a productive soil, but that a good soil always contains a 
greater or less proportion of vegetable mould : and it is most 
probable that this, which is formed chiefly of decay^ vegeta- 
bles, is absolutely necessary to the growth of plants. Its solu- 
bility in water probably prepares it for absorption by the roots of 
the vegetable, after which, by some unknown process it is first 
converted into sap, and afterwards becomes a part of the plfin^ 
itself. 

.. 499. As the roots of plants contain no visibla 
.openings, the food which they imbibe trom th^ 
earth must be in a state of solution, and is didtri- 
btited to all parts of the plant, l^ oaeaiis of the 
fap of which it f(^nns an ingredient 

Obs, The stp which mty be considered as the fympkofihs 
plant, is, during vegetation, constantly ascending from . the root 
towards the summit, and ultimately into the leaves. Here it 
undergoes a ' considerable change ; the watery parts being 
thrown off by the perspiration of the leaves, while that which re* 
4rtiltts is convened intoapecUiaar juice, called the true sap^ 
W^h like the blood of animals^ is afterwards employed in form- 
ing the various substances found in plants. 

500. The leaves of plants are not only their per- 
spiratory organs, but they also perform the office 
q{ absorbing the carbonic acid gas from the at- 
mosphere, 

TRus. 1. The leaves of plants throw off large quantities of 
iftoistnre^by penBpirtition. This process is* constantly going on 
60 lon^ as the plant is fftomngy \mt i6 mudi greater in the da^ 
^me man darmg the night. Dr. Hales ftund, that a cabbage 
transmitted daily a quantity of moisture nearly equal to half its 
•eight. The office of transpiration is performed by the upper 
surfaces of the leaves only, and may b6 almost entirely stopped 
iQr vamlslmig ^at surftce. 

2. The fact that plants absorb carbonic acid, was first descov^ 
fred b^ Dr. Piiettly. He found, on making a sturig of mintve- 
getate for ten days, in a poprtion of ^his g^. ^hich would in* 
stantly extwguish a candle, that at the end ot that time, the can- 
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4I# ^pul^ hv^ |n it p^r&c^y well. Sid^8f<]p^i^ 4tip^rkoaf n^ 
jbave shown, that pIa,Qt9 will aot vegetate in pure carbonic ^ci<}, 
but that a certain quantity not only improved ^he^r.grow^, ))^ 
is ,abaoIutebr necessary to healthy vegetation. 

601 • While plants absorb caibonic a^id they 
give out ojtygen gas. 

lUm. It is well known, that on exposing a sprig ot mint <t 
any other plant of vigorous growth, to the action of the sun, thjjj 
it gives out oxygen gas. For this purpose the plant is placed i^ 
an inverted bel]*glass filled with water. When a plant thdl 
^tuated is exposed to the direct rays of the sun, the leaves ar^ 
<0oon covered with smidl bubbles of the gas, which rise up, dis- 
place the water, and fill the upper part of the vessel. 

602. Carbonic acid is decomposed by the oi:r 
§8^9 of growing plants, the carbonic beiqg retain- 
#d, while 4hie oxy^n is given out 

Jllu9. It has already been Eftated, thftt when a spiig ^ mint, of 
other plant, is exposed to the direct rays of t;he sun in a glas^ <tf 
water, that it emits oxygen gas. Now the vessel and water on? 
iy serve as the means ot a^ertaining this ^act^ the ye^e) to re^ 
tain the gas, and the water to exclude the air, the waler ^n« 
BjaD^t having fio action on eac^b Q^ber^ by which such an efiec^ 
Is produced. 

603. The oxygen gas which piaots give o«t 
when confined in water, is obtained from the car- 
bonic, acid which it absorbs from the air contained 
in the water. 

Ittus. For when the experiment is made with water whtdk 
hm hMa boikid» or has bad tha air edtauslfd fs^m it by m^aiii 
of an air pump, not a particle of oxygen i^ obtained. 

2. Another proof that vegetables absorb carbonic acid^ an^ ia 
consequence emit oxygen gas, is, that they do not give out this 
lat^r unless the former be present. 

Cm'pl Tbi^, tb^iir pilots absorb carbonic af^d, r^l^a tte 
parbon fi^r tb^ir own nourishment, but return the oxj^i^ ; fu^j 
U is mo^t 4>rQbable, th^t the Cf^rbcoii wbich trees and othei^ fififkH^ 
^ntain. and which forms ibfi greatest part of their bi;ilk, is 'ob* 
tamed nrom the atmosphere, by the absorption fad d^sOB^xx^ 
Upmofoarboni^aeid gas. ^ 

, ^4. Pku^ Will mi Fcgetalt ii^kw Migngefl gHf 
«r atmospheric air be pres^irt. 
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Itlus. It has been found that carbonic acid, nitrogen, or hy- 
drogen, when purCj would destroy plants altogether ; but that 
when mixed with a small proportion of oxygen or atmospheric 
air, vegetation went on well in either of these gases, 

606. PlaDts absorb oxygen gas, and while this 
process is going on they emit carbonic acid. 

Ulus, When the leaves of plants are placed in contact witb 
a confined portion of atmospheric air during the night, the air 
is found in the morning to be diminished in bulk, and to have 
lost its oxygen ; at the same time a portion of carbonic acid ip 
found instead of the oxygen absorbed. 

Remark. The pupil Will remember that this is the reverse of 
what has been stated on another page ; both propositions are 
bowever true. 

606. During the night plants absorb oxygen and 
form with it carbonic acia, a portion of which they 
transmit, but not atl. 

Obs. Plants will not live without this nightly inspiration of 
oxygen, even though supplied with carbonic acid, provided the 
•xygen formed by them during the day, is constandy withdrawn 
from them at the approach of night. 

607. The leaves of plants absorb water as well 
fusk os^gen and carbonic acid. 

lUus. The great effect which dew and light showers, or 
even wetting the leaves of plants have in reviving their strength 
^nd making thbm grow when they are drooping with heat and 
drought, are so many proofs that the leaves imbite moisture (torn 
Ae aimoipbere. 

608. Experiments ha?e shown that lectre^ con** 
tinue to live for weeks, when one of their surfaces 
is applied to water, and that they not only vegetate 
themselves, but even imbibe water enough to sup- 

Eort the vegetation of a whole plant, and the leave? 
elonging to it 

. 609. It is most probable then that during dry 

MBsmw^ when there is a defect of moisture in th» 

earth, and consequently an insiilficifint. abaffl]ati«ft 

by the jTOOte^ ^inttlie pfofit isan part supplied^ by 

jM ■ • , • -' 
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wliich falls on it ductug the. night. 

Carol, Thus it appears that water, carbome acid and oxygeni, * 
are each of them absorbed by the leaves of pknts at (me iiibe, 
Md emitted by them at adtther. 

510. Id additioA to heat, mc^tiim, nad aoiyge^ 
healthy ve^tation requires the action oi a certain * 
guanti^ of Ugkt. 

filus, rlants j^owing in the dar|i: ar^ white, or i^early <M>Ioiirr 
less ; hence, the green colouf of all vegetable?} d^epend on th^ 
Ji^ht. 

61 1* The disposition of plaqtsto enjoy the lighj; 
is expressed by their inclination towarcb it, y^9^ 
H^is stronger in one direction than in another. 

Jibv* T)m^ polMoefl er bean vines growing in a dark fcHar, 
will always run towards a part where there i? the most liglit,aa4 
|f possible wHl G|U3e{» out ip|o t)M egm i^r. 

Si 2. I^iants growing in flower pots placed in % 
lii^ipdow, turn tne di^3 of tb^ir flowers ^sA i§^y^ 
towards the light and grow in that portion. 

513. In thick forests the trees grow tall (ox the 
saxne reason ; they stretch up to enjoy light and 
heat. 

614. Plants growing in the dark, contoiin lesa 
garbpnaceous qi^tt^r an^ wore wsUer tl^tp thpw 
which vegetate in the usual manner. 

lUns. A {^ant which grew ia the dark was foiUid to coataia 
only alK>ut one ninetieth part of carbon ; but on permitting th^ 
same plant to grow for thirty days in the sun it was founjd to oon^ 
tain one twenty-fourth part of carbon. 

515. Plants vegetating in the dark contain less 
hydrogen and more oxygen, than those which grow 
in the light. 

iZhs. It ha« beei| found that no oxygen is ^Billed by saeh 
^ints a& grow ia the dark, and as. the emiaMOB of atfg^tk te: 
Qf^f/fj^ to th? al*w*ioBpf c^r^i* m^ it » piobafeje O^n^ Hm 
is^t.absoiJbbed. This tbea, w^d^coQvat fi» tl^.@D^ <P4^ 
tity ofcarbonaceous ra^tter^ which such plants oontam as welt 
as for the reason why they do not gi?e out oxygaia. 
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»04f. The tfm^ of ody malter id etiohied {fc&tff is very 
^mall. Oil is composed chie% of carbon aad hydrppn. Henc^ 
the formation of oU probably requires the agency of its light. 

516. RECAPITULiVTION. Vegetable sub-^ 
stances are chiefly composed of carbon^ o^cnyen^ and 
h^ogen^ but occasionally contain a portion of mm 
trogen. 

617. During the process of germination, (he fa- 
rinaceous substance of seeds becomes sweet, and 
affords nourishment to the young plant. 

618. Healthy germination does not take place 
without heat, oxj^gen, and moisture. 

519. Seed? WW not gierpiii^te ip the exhausted 
ref:^yer of ^ air^piwp^ tk^^^hf^^X wfA moistitf« 
be present 

6^. Plants receive nourishment from th^ air, ajl 
well as iVom the e^rth. 

521. I^ants nourished by pure water alone, but 
having acceiss to air, grow for a time, but will not 
pmduce seeds. 

&2SI. It is most probable that all the £bod which 
vegetables receive by their roots, is in a jstatis. of 
solution in water. 

52^. The sap undergoes a great change in tha 
leaves, where it loses* a portion of water, and i^. 
converted into true sapy which afterwards goes tqt 
form the various substances found in plants. 

524. Plants absorb carbonic acid and at thl^ 
same time give out oxygen gas. 

s626. Plants absorb oxygen gas and give out car- 
bonic acid. 

Obs. R «n)esrs that the leaves of plantii perfbrm very difier- 
^Kt-opatstioiis at'tlw d^rent pef iods of M hoars. Daring the 
tffay tfadjaregmonicnitinoiBtiiife, dbflMbiaf carbMiie acid, in# 
QBMI|ii|i»ai||gea ga»| teviag the mgM, on the contrary, they 
are absorlmg moisture, giving out carbonic acid gas, and i^ 
a9r)>iiig€i^gjBn|^. 
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526. Plants do not live witKout they are permit- 
ted to absorb oxygen during the night Nor do 
they live without tw absorption of a quantity <rf 
carbonic acid during the day. 

527. Vegetation will continue for a time in car- 
bonic acid, or in oxygen gas, because when confi- 
ned in the carbonic acid it emits during the ihy a 
^piantity of oxygen which it a^ain absoros at nighty 
and when c<»imied in oxpgm it gives out a portion 
of carbonic acid at nighty whidi again serves it du- 
ring the day. i 

CSorol We may then conclade that plants obtain their food 
from the earth, from water, and from the atmosphere. From the 
earth they take ap a small, quantity of earthy mattier. ' From wa- 
ter they obtain nonrishment in eonsequence of its holding in 
solution decomposed vegetable matter. And from the air they 
absc^b carbonic acid, emit the oxygen, but retain die carbon, 
which forms the princip^ part of their bulk. 

528. Healthy vegetation absolutely requires the 
agency of light. 

, 529. Plants growing in the dark are white 
The^ show their propensity to enjoy the light by 
leaning or creeping towards it 
, Etii^ated plants contain less carbon and hydro- 
gen, but more oxygen, than others. They do no^ 
absorb carbonic acid gas. They contain a defi- 
ciency of oily matter. 

m THE COMPOSITION AND ANALYSIS OF VBGE-- 

Table SUBSTANCES. 

530. When vegetable substances are submitt^ 
to destriictiye distillation, the carbon, hydrogen^ 
and oxygen, enter into new combinations, and ^ififf. 
obtain a variety of products^ differing aca>rding to 
the nature of me vegetable and the mode 'erf dis- 
tSlatioD. j>, 

Obs. In ^reaeral the products of Vegetables treated by distil- 
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JaUon are, t^er, pgfr^Ugtmous aeU^ mpyreumatie oif^ earhimie 
acid, and carhuretted hydrogen. If the vegetable contains nr- 
frogen, a quantity of ammonia' is obtained. A portion of t\{^u 
doal^ wiih a amaJi quantity of eartby and saline matter, remaia(» 
in the retort. 

531. These several products are all compoaetf 
of the same ultimate principles, but combined in 
4ifl[erent proportions and newly arranged. 

Ulus. Tvater is composed of oxygen and hydrogen, 

Pyroligneous acid consists of oxygen, hydrogen, and i, sMdl 
qaantity of carbon. The oxygen being in saeh a proportiQ^ 
as to give the acid properties. 

JEa^yreumatic oil is chiefly composed of carbon and hydro* 
^|^»^. but contains also a amall portion <^ oxygen, 
. Clarbonic acid consists of carbon and oxygen, 

Carhuretted hydrogen is composed entirely of carbon and hy' 
dfogeu. ■* 

, Ammonia Qppsists <^ nitrogen and hydrogen. 

These several products being separately submitted to analysis, 
will show the proportions of carbon, hydrogen, oxygen, and ni« 
tCQf^n wJuc^h eacJi contaiQS. ^ 

533. By subjecting different vegetable substan- 
ces to ultimate analysis, it has been ascertained 
that the products which result from the different 
combinations of oxygen and hydrogen, are as ibl» 

lows : 

A vegetable substance is always acid where the oxygen whidi 
U contains is to the hydrogen in a proportion greater than in 
necessary to form water, or wl^re there is epoets qfo^ygen* 

A vegetable substance is resinous, oily, or alcoholic, whero 
the oxygen is to the hydrogen, in a less proportion than in water^ 
QT Whefe there is excess of hydrogen. 

A vegetable substance is neither acid nor resinous, but sac- 
charine, mulcilajj[inous, 6lc, where the oxygen and hydrogen are 
it the ss^e jelative proportion as in water, or where there is iw 
excess of either, 

Obs, In additioQ to the oxygen and hydrogen, there & 111 
H^shi, oil, alcohol, sugar, and mulcilage, a quantity of carbon. 

W THE INGREJMENTS OF PLANTS. 

533. The ingredients of plants are distinct sub-i 
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stances, formed by their secreting organs, and 
separable from each other without destructive dis- 
tillation. 

534. They are separated by certain solvents 
which have the power of dissolving some, but not 
the others. Thus water dissolves gum, but not 
resin; while alcohol will take up the resin and 
leave the gum, Ac. 

dbs. The solvents made use of fi>r separating the kigredienlff 
•f vegetables, are hot and cold water, alcohd, ether, and some 
ef the acids. 

2. The following are the principal ingredients, or what aoe 
called the prozimate principles of vegetaJ^es. Sonie acoooDl ol 
the most important among them will be given. 

1. Gum. 2. Fixed oil. 

2. Sugar. 10. Volatile oil. 

3. Starch. 11. Camphor. 

4. Gluten. 12. Resins. 

5. Extractive and I^gnom. 13. Narcotic jnrinciple. 

6. Tannin. . 14. Bituminous snhstaoees* 

7. Colouring matter, 15. VegettMe acids*. - * 

8. Wax. 

535. Gum. Gum Jirabic may be taken^as«spt^ 
men of pure gam. It dksolves in water ^Drmmg^ a 
Tiscid solution, or mucilage from which it may og 
obtained in its original state by evaporatioB. vlt 
is insoluble in alcohol, which therefore ratees' ]|> 
white precipitate in its aqueous solution. - * '^*'^ 

Ohs, 1. Gum is decomposed by sulphuric and nittitJ idAif ? 
Ibe former produced water, acetous acid, and charcoal ; tlieliV 
tm among other products converts a portion of the gum inUTV 
white acid substance, called muttms add. * '2^ 

3. When gum is submftted to destructive disCiBation it aUiMP 
carbonic acid, and cairbmBttod hydrogen, empyreumati^f ^ 
ptttw, aod a foaatky ofimpore acete acid. ' a^J^ 

536. Sugar. Sugar may be extracted"' frpm/lij 
number of vegetables, and several roots^ 1>ut4$; 
chieflj obtained from thesugMrcone^aplMltwhioh} 
feriv^.ia htJdiwtft The juice c^tlMplmflB. 
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expressed and eyfiporatijBd with, tfce addition of a 
small quantity of lime, mitil it acquires a thick 
consistency ; it is then transferred into wooden 
coolers, where a portion concretes into a crystal- 
line mass which is drained, and then forms what is 
called muscovado or raw sugar. The liquor which 
is drained off is called molmsee. 

Ohs. Raw sugar is purified by the following process. It 19. 
dissolved in water mixed with lime anii bullock's blood. This 
eomposition is agitated to mix the blood and water well together. 
The use of the lime is to mix with the molasses and render it 
more soltible, and consequently to facilitate its separation from 
the sugar. This operation is done in pans, under which a fire 
]fl DOW iundled, and when the liquor begins to boil, the albumen . 
of the blood coagulates, rising to the top and bringing with it 
such impurities as the sugar contained The liquor bemg kept 
gently simmering, the impurities are constantly rising to the sur- 
&ce, from whence they are removed by a skimmer. 

When the solution is judged to be sufficiently clear, it is plac- 
ed in smaller pans and boiled rapidly until it becomes so thick 
as that a small quantity being placed on the thumb, may be 
drawn in threads by the fere finger. It is then passed into cool- 
ers, where it is agitated with wooden oars, until it appears thick 
«h1 fnnolated. 

It is said by Mr. Brande, that it is on thk agitation in the eocder 
that its whiteness and fineness ef grajn in the refined sugar de- 
pends. The crystals being broken by the agitation, and the: 
whole converted into a granular mass, facilitates the draining off 
«C the eelmnred liquid. 

After this it i^ placed in conical cvsps of earthen ware, of the 
wdl known form, called sugar /Soof. These m<MiUB hfive aptr- 
tttres at the bottom, to which stof^pers are. fitted. Aftei tihie m^^ 
fgx is placed jn them, and has become- eM, the stoppem aio' 
reaioveo and the loaves are allowed to remain in them until att«£ 
odbip. ptMTtion oteolfsses drains off, wbicb leaves the svgar much 
wd^er. ti^m befiure. This last c^^alion is assisted by heat^' 
WHen this is done, pippn^liiy earefidly mixed op with water -tv: 
tlMS ccMfSptenuQe. of oream, is pot upon theloaves to the thiekness 
tiv ^t^inl ui inch; the wati^r firom this slowly percolates thor 
loiivM/and washing the sdid sugair from all remains and tinge 
•lithe iioiiiisi^ toM ^10 the pots. 
';,^iAflf>thia4to l»?e9t«9«rkd hjktm^ab j^H^i^in pag^ 
fiMTsaie. 
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537*1l%eH ragar h beAted it fn^es, fimoiAefi 
brown, evolves a little water and is resolved int© 
JMW auranffements of its component elements. If 
suddenly elevated to a temperqlure of afeoet 500 
de^ees it bursts into flatttes. 

538. Sugar is composed in round numbers of 
about 42 parts of carbon, 51 of oxygen, and 7oi 
hydrogen. 

539. Starch or Fetmkt may be sej>arated from a 
variety of vegetable substances^ it is contained in 
wiieat aiid other esculent grains and in several 

HMtS. 

iMfs, The ptoeefis 4br obtsdmng Blarcfi cdtt^ts tii dMh»k)g 
tfre powdered grain, or Uie ra^ed root, m dold watet, which be- 
comes white and tnrbid. After s^me faouts the grosser ptols 
a^e separated by a«traineir, and the liqtior which passes depositee 
the starch, which is then washed in cold Water and df iied iii a 
gentle heat 

540. Starch is insoluble in alcohol and in ether, 
and occasions no precipitate in the greater number 
of metallic soluticms. 

Obs. The most characteristic property of starbh, i^ that 0i 
filming a blue compound with iodine. 

d44« During the genmiiation (^ seeds Uie starth 
is c(mTei*ted into sugair. 

542, Starch may also be converted into sug^ by 
ivixxiag it with*fiijU]|^biKic:aeid^aad water. 

^ M^ ^^^Omibm^i^pmtd of isfiiMh in Mor^gkt pint»^ {>im 
vaAer^ leii^led j^ifiitlf «kcid by two or three, dmotinui of sa^ 
plmria^eidi The IMUve shcHilil be' swiiMeM 6yt tw^. ^jpa, 
^Minjs bmk poiiiM» of wdtet to oompensafte Ibr the iesB-l^ 
eirapeafttiwi. The mM is then ^salural^ hf ifliaft^ and «lie mi|> 
ture filtered and evaporated to the ednstst^tace of synip; ' l^fab 
syrup has a sweet taste, and by pariiic^iien in the umud wmf^.y^ 
aiffiirds-orjirstftlliaed suglEbri The quantity obtained exceeds <he 
ti«iglilioC4i»^itai^%abeirt*oiie'tei^. Starbh is compiaae^ 
<tf alwM 4» parts. dS; owtos, 48 efof^gen^ md./n^tl^^^m' 
gen^rlOO. 

Oha. 1»ie^p«kic^ VMlitieb of latMsbefeiheifclMramf/si.- 
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Arrow root, Potatoe starch, Sago, Tapioca, Cassava, Salop, 
and the starch of wheat 

543, Gluten may be obtained from wheat flour, 
by forming it into a paste and washing it under a 
small stream of water. The starch is thus wasted 
away, and a tough elastic substance remains which 
is gluten. 

Obs. Its colour is grey, and when dried, it becomes brown 
and brittle. It is nearly insoluble in water and in ether. When 
allowed to putrify it exhales an offensive odour, and when sub- 
mitted to destructive distillation it furnishes ammonia, a circum- 
stance in which it resembles animal substances. 

India Rubber, and bird lime may also be considered as allied 
to gluten. 

Wheat contains from 18 to 24 per cent, of gluten, the remain- 
der being principally starch. 

544. Extractive Matter. Most vegetables, 
when submitted for a time to the action of hot ^a- 
ter, impart to it a brown colour. When this solu- 
tion is evaporated, there remains a solid substance 
of a brown colour, which is extractive matter. 

Obs. Extracts are prepared by the apothecaries as a means of 
concentrating the virtues of plants, for medical use. These 
extracts not only contain the proper extractive matter, but also 
several foreign substances. 

646. There are many kinds of extractive mat- 
ter, differing from each other in taste, quality, and 
virtue. 

O65. Extractive matter is soluble in water and in alcohol 
containing a small quantity of water. From these solutions it is 
precipitated by solution of chlorine, by many of the acids, and 
by most of the metallic oxides. 

546. Tannin is contained in abundance in nut- 
^alls, in grape seeds, oak bark, catechu, &c. and 
m greater or less quantities, in all vegetables and 
roots which are astringent to the taste. 

Obs, Tannin may be obtained from either of the above named 
gobstances, hy first bruising the article, and then digesting it in 
a jsmall quantity of cold water, and afterwards evaporating the 

17 
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water. It is of a yeRowisfa brown colour, extremely astringeiit, 
and soluble in water and alcohol. 

2. Tannin is distingaished by its affbrding an insoluble pre- 
cipitate with imnglass, or any other animal jelly. It is on this 
principle that the art of tanning leather is founded. The hides 
are laid in vats, and between each two there is thrown a layer of 
oak, or some other bark, wliich contains tannin in coarse pow- 
der. The tannin of the bark combines with gelatine of the hide 
and renders it hard and impermos to water. 

547. Colouring Matter. The colouring prin- 
ciples of vegetables are numerous, and Tariotis in 
their properties. The extraction of these princi- 
ples, and the transfer of them to different substan- 
ces constitutes the art of dyeing. 

Ohs. Colours have been divided into subsimaipe and ^'m- 
tive. Substantive colours are such as do not rehire Ihe inter- 
rention of any o^her substanoe to fix them permanently, their 
uttraotiMi fyt the cloth being sufficient. Adje<^ve coloors re- 
4Qtre the mtervention of some substance which has an attraction 
both for the oolouring matter and stuff to be dyed. This inter- 
vening substance is called a mordant'. It consists of a metallic 
salt, with which the substance to be dyed is firit impt^gaateil 
atnl afterwards passed through n solution of tbe co^euring 
matter. 

The mordants most comiteonly tinsiployed ore te^jplkxtf e^irm, 
muriate of tin, sulphate ofalumine and acet&tevf^raii, 

648. Different mordants are used for difierent 
colours, as well as for different kinds of cloth. 

lUus, Black is produced by astringents and salts ^i imhi. 
The stuff is first soaked in a strong solution -of tgalfe^ and After- 
wards passed ^through ^ solutioQ'Of sulphate of iron in -^jx ioib- 
Bion of logwood. 

2. Reds are chiefly produced from madder^ And the colouriuig 
iMftter is ftxed by a mordant of mttriate of tin, &c. 

549. Fixed oils. Vegetable oils are of two 
kinds, jboed. and v^atile. 

550. Fixed oil is found in the seeds of plants oinlj, 
«U9d tsakiKKft enttrelj confined to those which ^ve 
tWK> ttf^led'om^ as linseed, almonds, w«dimt«, 
6lives,&c. 

551. These oils are obtained by pressure. They 
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are vkcid, nearly insipid, and generally congeal at 
a higher temperature than that required to freeze 
water. 

Obs> The fixed oils, with a few exceptions, undergo little 
other change by exposure to air, than that of becoming some- 
what more viscid and acquiring a degree of rancidity. This 
change is owing to absorption of oxygen, for rancid oils redden 
vegetable blues, and therefore contains a quantity of free acid. 

Some few of the fixed oils, on exposure to air, become covered 
with a thin pellicle, occasioned partly by the evaporation of 
their volatile particles and partly by the absorption of oxygen. 
These are called drying oils, and are used in painting. Of these 
oils, the most common is linseed oil, rape oil, and hempeeed oil. 

The alkalies combine with the fixed oils, and form soap. 

The fixed oils are composed of carbon, hydrogen and oxygen. 

552, Volatile oils. These oils are obtained 
from plants by distillation. Some fruits however 
yield them by pressure ; such as the lemon, orange, 
and bergamont, which contain the oil in distinct 
visicles in the rind of the fruit. 

563. The volatile oils have a penetrating odour 
and taste, and contain the odoriferous principle 
which distinguishes the aromatic plants. It is in* 
deed the volatile oil, to which the smell of plants 
is owing. 

Ohs, 1. These oils are soluble in alcohol,, and very sparingly 
so in water. When dissolved in the former they constitute es* 
sences, a great variety of which are manufactured, particularly at 
Paris, and are used as perfumes. Waters, holding a small por- 
tion of aromatic oil, in solution, are called distilkd waters, A 
variety of these are used in medicine. 

2. The volatile oils when pure, pass off by evaporation, with? ' 
out leaving any stain on white paper. Hence a good test of the 
purity of these oils, is to let a drop fall on paper, and if an oily 
spot is led after the paper is warmed, it has been adulterated by 
some fixed oil. 

FERMENTATION. 

Def. Fermentation is a spontaneous commotion in a vegeta- 
ble substance, by which iu properties are toUlIy changed. 
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192 FERMENTATION. 

554. There are several circumstances required, 
in order that fermentation may proceed, viz. a 
certain degree of fluidity, a certain degree of 
heat which is between 55 and 66, of Faht, and a 
saccharine mucilage, which must be in conside- 
rable quantity. When these conditions are united, 
the spirituous or vinous fermentation takes place, 
and is attended by the following phenomena. A 
brisk intestine motion, with the escape of carbonic 
acid eas ; the transparency of the fluid being di- 
minisned by the rising of opake filaments, at the 
same time a considerable degree of heat is gene- 
rated. All these phenomena, gradually cease in 
proportion as the liquor loses its sweet and mild 
taste, and as it becomes brisk, penetrating, and ca- 
pable of producing intoxication. 

Obs, After a vegetable solution has undergone the vinous 
fermentation, as above described, and by which beer, wine, cider, 
&c. are formed, it proceeds on to the acetous fermentation. Dur- 
ing this latter process, there is no commotion nor extrication of 
any kind of gas, but on the contrary, oxygen is absorbed from 
the atmosphere, so that for the making of vinegar, the air is 
absolutely necessary. 

555. The principal substance concerned in the 
vinous fermentation is sugar; and no vegetable 
juice can be made to undergo the process, which 
does not contain it in a very sensible quantity. In 
the production of beer, the sugar is derived from 
the malt, the farinaceous being converted into sac- 
charine matter, by the process of malting. In the 
production of wine the sugar is derived from the 
juice of the grape. 

656. After a vegetable solution has passed 
through the vinous fermentation it is found to have 
lost a part of its specific gravity, and to have ac- 
quired a new flavour, and a new power, viz. that of 
producing intoxication. These new properties 

^ - • 
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depend on the alcohol formed by the fermentative 
process. 

Ohs, Any fermented liquor by distillation affords a sj^rituou^ 
liquor. Brandy is obtained by the distillation of wine. ' Rum is 
obtained from the fermented juice of the sugar cane. Gin from 
fermented rye, 4lc. 

657. When any of those spirituous liquors are 
re-distilled, akohol or spirits of tmne is obtained. 

Obs. It has been a subject of controversy whether the alco- 
hd which is obtained by the distillation of fermented liquors, 
existed ready formed in those liquors, or whether it was actually 
produced during the process of distillation. This <|uestion Mr* 
Brande has settled beyond ftirther dispute, by showing that al- 
cohol can be separated from fermented liquors, without the aid of 
heat or distillation. 

ALCOHOL 

658. When a fermented liquor is distilled, ihett 
is obtained a quantity of alcohol^ but always mix-* 
<ed with water, and impregnated frith a small pota- 
tion of essential oil, which gives it a flavour pe<Hi« 
liar to the vegetable which formed the fermenta- 
tive solution. Thus brandy^ rvm^ ^hd gin^ eadi 
have a taste and smell peculiar to themselves. 
These are called spirituous Uquors. 

559. When a spirituous Uquor is distilled* tiie 
alcc^ol is obtained in a state of miich greater pa- 
rity, the oil which gives the flavour and most of the 
water being left in the retort 

560. Alcohol is a cc4ourle«6 tiqii^id, considerably 
lighter than water, being in the proportkm of 80© 
to 1000.— It has considerable odour, and a pene- 
trating taste ; is highly inflammable ; remarkably 
expansible by heat, and unites chemically with 
water. 

Qhs. The flame of alcohod acqtihres a red 6olour on mixing it 
irith a little muriate of lime ; a deep blood red from muriate of 
strontites, and a green from bwacie acid. 

♦17 
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561. Alcohol has never been frozen, although 
exposed to the lowest temperatures which has 
been produced by art. 

662. It is a powerful solvent. It dissolves cam- 
phor, resins, soap, volatile oils, sugar, balsams, 
several of the solid acids, &c. 

563. Alcohol, according to the analysis of SauSr 
&ure,is composed of carbon 51.98; oxygen 34.32, 
and hydrogen 13.70= 100. 

Obs, Alcohol, when pure, is exactly the same, from whatever 
kind of spirit it is distilled. The intoxicating effects of all kinds 
of distilled liquors depend on the alcohol they contain. 

ETHER. 

664. Ether is an extremely light, fragrant and 
volatile fluid, produced by the distillation of alco- 
liol with an acid. 

Obs, There are several kinds of ether, all agreeing in the 
above general qualities, but differing in respect to flavour, spe- 
cific gravity, and some other properties This difference de- 
pends on the acid with which the alcohol is distilled. 

665. Sidjjhuric ether is prepared by the distillation 
of sulphuric acid and alcohol. 

Exp, Pour into a tubulated retort, a certain quantity of alco- 
hol, by weight, and add to it in small portions at a time, the same 
weight of concentrated sulphuric acid, allowing time for the 
mixture to cool after each addition. Let the retort be placed in 
a sand bath, previously heated to 200 degrees, and connect it 
with a tubulated receiver, by means of an adopter. The receiver 
must be kept cold by means of moistened cloths. 

As soon as the mixture begins to boil, ether is produced, and 
passes Qver into the receiver. The ebullition is to be continued 
until white vapours appear in the receiver, or a sulphurous smell 
is perceived, and then the receiver is to be removed. The ether 
will be found to have a sulphurous smell. 

To purify it, mix with it a small quantity of black oxide of 
manganese, and a quantity of water, and distil again. Sulpha- 
ric ether, in a tolerable state of purity, will be thus obtained. 

666. Sulphuric ether is ext»*emely volatile, and 
by its evaporation produces cold. 
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lUus. 1. A few drops poured on the hand produces a sensa- 
tion like a piece of ice. If a small stream of it be poured from 
a capillary tube, on the bulb of a thermometer filled with water, 
the water will be frozen even in summer. 

2. Ether evaporates with such rapidity that the singular phe- 
nomenon of boiling and^reezing may at the same time be shown 
by means of it. 

For this purpose, procure a very thin 
flask, which fits loosely into a wine glass, 
as shown in the figure. Pour a small 
quantity of ether into the flask, and put 
some water into the glass, and place the 
whole under the receiver of an air pump. 
During the exhaustion, the ether will boD, 
and a crust of ice will form on the flask. 

Obs. i. Ether does not, like alcohol, 

combine with water, but if the two fluids 

v^f L ^^ shaken together, the ether soon separ 

CZ^'^^y J 2. By repeated agitation with water, 
ether is brought to a great degree of puri- 
ty, and acquires the property of dissolving India rubber. 

3. It dissolves essential oils and resins. It also dissolves a 
small portion of phosphorus, which, when poured on warm water, 
emits a lambent blue flame. 

4. When kept for a long time in a bottle only partly filled, 
and frequently opened, sulphuric ether undergoes a spontaneous 
change. It becomes acid in consequence of the production of 
vinegar, and loses somewhat of its sweet odour and volatility. 

Sulphuric ether is composed of carbon 67.98 ; oxygen 17.62 ; 
hydrogen 14.40=100. 

567. J\ttric ether is prepared by the distillation 
of alcohol and nitric acid. 

lUus, To two pints of alcohol contained in a retort, add by 
degrees, half a pound of nitric acid, cooling the retort after each 
addition. Then distil by a heat cautiously regulated, about a 
pint and a half. It must be purified by adding to it some potash 
and re-distilling- 

Caution. Great care must be taken not to add too much of 
the acid at a time, nor to apply the heat too fast , in either case 
a dangerous explosion would ensue. 

668. Nitnc ether is of a yellowish colour. It 
has an excessively pungent odour, so that its in- 
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halation into die nofttrils produces giddinei^. Its 
taste is acid and burning. Like sulphuric ether 
its evaporation produces cold. It is extremely 
inflammable, and burns with a white flame. It is 
composed of carbon, hydroge% nitrogen, and oxj*- 
gen. 

OH, The others are the muriatic ether ^ the chloric ether ^ 
ntcetic ether , benzoic ether ^ Spc. 

ELECTRaCHEMISTRY. 

669* If a piece of sealing wax or glass be rubbed 
with the dry hand, or with dry flannel, the wax or 
glass and the cloth, become capable of attracting 
and repelling small light bodies. In these cases 
the substances are said to be in a state of ehctricd 
excitement. 

Nkis. Make two balls of pith, or cork, aboat the size of peas, 
and suspend them with silken threads. If now a stick of seal- 
ing wax, or glass be rabbed with fur or flannel, and the sealing 
wax be made to touch the cork balls, they will repel each other, 
but if one of the balls be touched with the wax, and the other 
with the fur, or flannel, they attract each other. 

Ohs, This experiment shows thai when bodies are electrified 
alike, or are in the same state of electrical excitement, they repel 
each other, but that when they are in opposite electrical states, 
they attract each other. 

670. Some bodies permit electricity to pass 
through their substance, and for this reason they 
are called conductors. Others only receive it upon 
the spot touched, and are called non-conductors* 

Ohs, 1. The conductors of electricity are called non-dectrics^ 
because they cannot be excited by friction ; or, in Other word* 
no difference can be observed in their electrical states on rab- 
bing them. 

The non-conductors, on the contrary are electrics^ or acquire 
the power of attraction and repulsion by being rubbed. 

2. All the metals, with the exception of selenium, are perfect 
.conductors. Water, steam, damp wood, damp air, alcohol, melt- 
ed wax, charcoal, and many other substances are imperfect con- 
ductors. 
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8* Dry air, sealing wax, solid bees wax, glass, rosin, fur, silk, 
wool, and some other substances are non-conductors. 

4. Any of the non-conductors admit of electrical excitement 
by friction. 

67 1. When one part of a body, or system of bo- 
dies is in the positive state, the other part or sys- 
tem is invariably in the negative state. 

Ulus, If one end of a stick of sealing wax, or one side of a 
plate of glass be rubbed with a piece of silk or fur, and the two 
sides or ends be successively presented to two separate, excited 
balls, one of the balls will be repelled, and the other attracted ; 
and if the silk or fur be presented to the ball it will always indi- 
cate a contrary state to the substance with which it was rubbed. 

Ohs, The positive and negative electrical states, consist mere- 
ly in the accumulation, or absence of the electric fluid. Thus 
if a body, or any part of a body has more than an ordinary share 
of electricity, it is said to be in the positive state : if it has less^ 
it is in the negative state. 

672. When any conductor is wholly surrounded 
by non-conductors, it is said to be insulated. 

IQus. The human body is a conductor ; but if a person stand 
on a cake of wax, or a board set on glass bottles, and in that 
state is electrified, another person standing on the ground will 
receive a shock on touching him. 

673. When an insulated conducting body con- 
tains more or less of the electric fluid than its or- 
dinary share, or when one side of an electric con- 
tains more of the fluid than the other, in this state 
such bodies are said to be charged. 

Obs. When the electricity passes from a negative to a posi- 
tive surface, if this passage is made through an animal, it produ- 
ces an affection of the nerves called an electric shock. 

GALVANIC ELECTRICITY. 

574 There are other sources of electricity be- 
sides those mentioned above. Animal substances, 
charcoal, the metals, and some other substances, 
when arranged in a certain order are capable of 
exhibiting electrical phenomena. 
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In the ye«r 1791, Galvaai, aot Italian professor, first observed 
some phenomena whieh laid the foundation for the science of 
galvanism. Being engaged in a course of experiments on ani- 
mal irritability^ he accidentally observed that contractions were 
excited in the limbs of a frog by applying a conductor between 
a nerve and a muscle. 

The theory he frames to account for this phenomenon, was, 
that the different parts of an animal are in opposite states of elec- 
tricity, and that the effect of the metal is merely to restore the 
eqniiibrium. This theory, however, was afiterwards shown by 
Volta, to be without fbundation, who excited similar contractions 
by making a connection between two parts of a nerve, between 
two muscles, or between two parts of the same muscle, but in 
all these cases the contact of two different metals were always 
found to be essential. 

From the time of Galvani's discovery, philosophers continued 
to make experiments on this subject, and to discuss the cause of 
these phenomena, until earfy in the year 1800, Siguier Voha, 
discovered what has since been called the gcthanic pile. Prom 
this period discoveries have multiplied on this subject, in a man- 
ner unparalleled in the history of any other science. 

575* The conditions necessary to excite the gal- 
vanic influence are altogether different from those 
which excite common electricity. 

lUus. Electricity is excited whenever two dry electrics, or 
non-conducting surfaces are rubbed together. In the galvanic 
excitation, such substances as are call^ electrics have no share 
in the phenomena. All that is required is the contact of cUffer- 
eni conducting bodies with each other. These conducting bo- 
dies must be placed in a certain relation to each other, so that 
they will form a circle or series of conductors. 

676. A simple gahanic series consists of three 
conductors, two of which must be of one class, and 
one of another class. 

Exp, Take a piece of silver, as a dollar, and place it upon the 
tongue ; take also a piece of zinc and place this under the 
tongue, both pieces must touch the tongue, but not each other. 
In this state no sensation is excited, but on bringing them in 
contact, there will be excited a peculiar saltish, or metallic taste; 
and if the eyes are shut there will be perceived a small flash of 
light. ^ 

Ohs. In this experiment we have an example of galvanic ar- 
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nffigement, and of b slight galvanic action. The tvo metals 
are /tr^ perfect conductors, and the tongue or ratber tke mms- 
ture on it one imperfect conductor. The metallic taste is owing 
to galvanic action. 

677. It is bjr an extension of this principle, and 
by multiplying the series that powerful. galTcmic 
effects are produced. 

lUus. The GALVANIC PILE, or pilfe of Volta is made on this 
principle. 

Take a oonvenient number, say twelve plates of tsopper, and 
the same number of pieces of zinc ; they may be two inches in 
diameter and the tenth of an inch thick ; take also the same 
number of pieces of woolen cloth of the same diameter ; pile 
these op in a irune made of three glass rods supported by two 
-end pieces of wood, in the follown^ order. First a piece of 
copper, then one of zinc, and then apiece of ck)th wetted in a 
solution of muriate of ammonia in water, then a plate of coj^er, 
and so on ending with the zinc. The fig. repre- 
sents such a pile, a 5, are the glass rods, and x z the 
pieces of wood. 

Such a series affords a constant stream of the gal- 
vanic fluid, but is most powerful immediately after 
it is completed, or before the ]Jate8 have become ox- 
idated A pile oomposed of twodozen plates of two 
inches diameter, when first constructed will give a 
2 small shock, which is not commonly felt higher than 
the elbows when taken by the hands. The mode 
of receiving the shock is to wet the hands and placing one of 
them on the plate of copper, or zinc at one end of the pile, touch 
that at the opposite end with the other hand, or to touch the two 
end plates with wires held in each hand, the hands being wet. 

57U. The galvanic influence is extricated only 
4m condition, that one of the metals employed in 
fMHSBtrueting tJie series be ^MUe easily oicidated 
Ihan^e otber. 

t}bs. The galvanic pile may "be made of any two »etais, one 
of which, bas a stronger affinity for oxygen than the other, and 
tbe positive side is always that on which the most oxidable metafl 
is placed. Thus in the directions above gi?en for constructing 
the? pile, the iqiper end would be tbe positive because it termha* 
ates with a zinc plate, ^einc being more oxidable than cop^r. 
579. Any metal, except that which is ttie least 
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oxidable of all, may be made the positive, or ne- 
gative side by being placed in contact with one, 
more or less oxidable than itself. 

Ulus, Copper when placed with zinc is always negative, but 
when in contact with silver, or gold, it is positive. 

Obs. The greatest effect is produced by placing together the 
most oxidable metal, with that which is least so, as zinc and 
platina. 

580. In the construction of a galvanic series, 
the plates must be so arranged that an accumula- 
tion of power is constantly effected through the 
whole. Thus the power of the first pair of plates 
as it passes through the series is doubled at the 
second, trebled at the third, and so increasing in 
proportion to the number of double plates. 

lUus. In the voltaic pile, the fluid is conducted from one pair 
of plates to the other by the water contained in the woollen 
cloths. 

581. This principle may be so modified as to 
dispense with the cloths, while the water is retain- 
ed, and and as such an arrangement possesses se- 
veral advantages over the pile it is now generally 
adopted. 

lUus. For this purpose square 
plates of copper and zinc, previ- 
ously soldered together, are pla- 
ced in grooves cut oj^site to 
each other in a long, narrow 
wooden trough. These are ce- 
mented in their places, so as to make each cell water tight 
This is called a galvanic trough ; see fig. where A. B. is the 
trough made of baked wood, four inches l^oad and as many 
deep ; w to are wire conductors fastened to the end plates, or 
merely dipped into the cells ; aa are glass tubes, through which 
the wires pass, so as to handle them without receiving the shock ,* 
V is a plate of glass on which the subject of experiment is laid. 
One of these troughs containing 24 or 30 four inch double 
plates, will show many amusing and some striking experiments. 
When it is to be used, the cells formed by the plates are filled 
with water containing in solution a few ounces of common salt 
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or sal ammoniac, or made digfatly sour b; aitric or muriatic add. 
If the water is made warm, the action will be much increased. 
After the trough is filled with water, it is proper to wipe its 
edge, and those of the plates dry, and also to observe that it does 
not leak, otherwise the galvanic fluid will be conducted off. 
The shock may be taken, by dipping a finger of each hand tnto^ 
the water at the ends of the trough. When it is required to pass 
. the fluid through a particular part, place a piece of wet rag on 
the two opposite points^ and touch them with the wire conduct- 
ors. 

582. Another mode of constructing the galvanic 
apparatus, is by arranging a row of glasses con- 
taining solution of common salt in water, or dilute 
sulphuric, muriatic, or nitric acid, and tfie two 
m^etals. 

ISus. In each of these glasses are placed a plate of sil* 
ver or coj^r, and one of zinc, not touching each other, but so 
connected by metaUic wires, that the zinc of the Urn, cup rna^y 
communicate with the copper of the second ; the zinc of the 
seooi^ with the ec^er of the tlnrd ,* and so throughout the se- 
ries, except of the imi outside cups, which contain only a plate 
each, one of cqpper» and the other of zinc, as re^M^esented in &g, 
^^^r^jjg^^^^ 36, where a aa are the glasses, z zinc, x 
^^BTl^H^ gMS copper, and w w the wires which connect 
Bh HV lllf tiie iMmper and zinc plateia. The shock 
HP HP l^m ^ ^^^ ^ ^^99^ ^ finger of each hand in- 
^y "Sr ^y^ to die two outside glasses. The superi^ 
ority of this mode of arrangement over that of the comnHm 
trough, consists in the exposure of both surfaces of the plates, to 
the action of the liquid ; whereas, by soldering the plates to- 
gether, one of the surfaces of each is protected from the liquid, 
and contributes nothing to the effect. Some improvements 
have, however, been lately made in the construction of the 
trough, which is said greatly to increase its power. Two plates 
of copper are placed in each cell on each side of the plate ot 
zinc, so that both surfaces of the zinc plates are acted on by 
the liquid. This is said to increase the po^er of a battery one 
half 

583. Whenever it is required to increase the 
power of a galvanic battery above that of a com- 
mon trough, this is done by connecting many 
troughs together by a wire passing from me zinc 

18 
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2©2 GALVANIC ELECTRICITY. 

end of one, to the copper end of the other. Tlie 
two ends of this chain of troughs are then con- 
nected, and the circuit completed at pleasure by 
two wires fastened to the first and last troughs. In 
this manner batteries of immense power have 
been constructed. 

lUus. The celebrated one, belonging to the Royal Institu- 
tion of Qreat-Britain, is the most powerful that has yet existed. 
Its effects are indeed surprising. It consists of two hundred 
porcelain troughs, each containing ten cells, and ten double 
plates ; so that the whole number of double plates is two thou- 
sand ; and each plate contains thirty two square inches, the 
whole surface amounts to 128,000 square inches. This battery, 
when the cells were filled with 60 parts of water mixed with one 
part of nitric acid, and one part of sulphuric acid, afforded a se- 
ries of brilliant and impressive effects. When pieces of char- 
coal about an inch Umg, and one sixth of an inch in diameter, 
were brought within the circuit and near each other, a bright 
spark was produced, and more than half the Tolume of the char- 
coal became ignited to whiteness, and by withdrawing the points 
ftom each other, a constant discharge took place through the 
heated air, in a space equal at least to four inches, producing a 
most brilliant ascending arch of light, broad, and conical in form, 
in the middle. When any subi^ance was introduced into this 
mrch, it instantly became ignited ; platina melted as readily as 
wax in the flame of a common candle ; quartz, the sapphire, 
magnem, and lime, all entered into fusion ; fragments of dia- 
mond, and points of charcoal of plumbago, riqiidly disappeared 
and seemed to evaporate in it.— (Dooy.) 
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QUESTIONS 

FOR EXAMINATION. 

JV. B, The most important qtiestionSy and those which the pupil 
ought readily to answer, are printed in Roman letters ; the others 
are in Italics, 

What is CHEMISTRY ? 

What is the object of chemical philosophy ? 

What is the foundation of chemical philosophy ? 

What are the ends, or objects, of this science 1 

What useful inventions^ or improvements has this science 
been the means of effecting ? 

How is chemical knowledge chiefly obtained 1 

What are crucibles, and what their uses ? 

What is the figure of a mattrass, and what is its use ? 

What is iheformofa retort, and what its tise ? 

What is a receiver, and what its use ? 

What is an alembic, and whcU are its uses ? 

How may Florence flasks befitted so as to answer the purposes 
of retorts ? 

Describe the construction and principle of the air thermometer. 

Describe Fahrenheit's thermometer. 

Describe the common blow-pipe and method of using it. 

Describe the compound blow-pipe. 

What are the gases burned by this blow-pipe ? 

How do you account for the intense heat which it gives ? 

What is the principle on which the specific gravity of U- 
quids are told, by means of a gradulated bottle 1 

Describe the cryophorus or frostbearer. 

What is a bell glass receiver ? • 

What is a dropping tube ? 

Describe the method of retaining such gases as are absorbed by 
water, and lighter than air, without a mercurial bath. 

Describe the gas apparatus and the method of pouring air 
from one vesssel to Another. 
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204 QUESTIONS. 

Describe the differential thermometer. 
Describe the LAMP furnace. 
Describe the aphlogistic lamp. 
How is the ignition cfthe platina wire kept up ? 
Why will not other metals answer for this purpose instead of 
plotina? 

ON THE FORMS OF MATTER. 

Under how many general forms does matter exist, and 
what are those forms ? 

What are solids ? and what causes solidity 7 

What are fluids ? and what causes fluidity ? 

How can solids be converted io fluids, and fluids to the 
ELASTIC state ? 

When does mercury become a solid malleable metal ? 

What are e\9&iic fluids ? 

On what does their permanent elasticity depend ? 

What follows from the above considerations ? 

What would be the probable ^ect of removing the earth out of 
the sun*$ heat ? and what the effect of its near approach toihe sun ? 

ON SIMPLE SUBSTANCES. 

What is meant by a simple substance t 
. What is their number ? 

What are the imponderable bodies ? 

How are the ponderable bodies classed 1 

How are these classes divided ? 

Which among the earths are known to have metallic baseal 

Why are the known ^netallic earths, and those of doubtful char- 
acters arranged together ? 

HEAT. 
What ifl HEAT 7 How does heat differ from caloric ? 
How is it proved that heat seeks an equilibrium ? 
What are the two states in which heat may exist ? 
How it it knoxim on touching a body whether it contains caloric 
inn free state ? 

How does -COMBINED caloric differ flrom free caloric 

FREE CALORIC. 

Under what views may caloric,, as a chemical agent, be 
tonsidered ^ 

What effect does it have as the antagokist to cohesioit ? 

WhjoA happ ns among the fortidts of a fused tt^bstance, a$ the 
fuloric passes out ? 
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quESTiONs. 205 

How does caloric cause, or increase the elasticity of bodies ? 

On what circumstance doe« the permanent elasticity of 
fluids depend ? 

Why may the receiver of an air pwnp he considered asfuU of 
air after the utmost exhaustion ? 

EXPANSIVE POWER OF CALORIC. 

It is said that bodies are expanded by heat, and contracted by 
cold : what class of bodies expand most by the same increase of 
heat ? 

Do the metals expand alike at the same temperatures ? 

How is this shown ? 

What experiment will shew that liquids do not expand alike at 
the same nse of temperature ? 

Do the ELASTIC FLUIDS cxpaud at the same ratio, at equal 
increments of heat ? 

WhaX is the rate at which elastic fluids expand ? 

How may the expansion of air be shown ? 

RADIATION OF CALORIC. 

What is RADIANT caloric ? 

What are the phenomena of radiant caloric 7 

At what rate does it pass through space ? 

It is said that radiant caloric can be reflected. Describe the 
experiment by which this is done. 

By what routine d9es the heat of the hall reach the thermometer 
in the focus of the gther mirror ? 

Do the same surfaces reflect caloric and light equally well ? 

Horw is it shown that metals reflect heat better than glass ? 

What ^ect does the colour of a surface have on the reflection of 
heat? 

How is it shown that some surfaces reflect caloric better than 
others ? 

What must the nature of the surface be to reflect m4>st or least 
rapidly ? 

CONDUCTORS OF CALORIC 

In what DIRECTIONS do solid bodies conduct caloric ? 

Horw is this shoram ? 

How does caloric djffuu itself through liquids and elastic^ 
fluids ? 

How is it shown that fluids do not conduct, but contet 
caloric 
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COMBINED CALORIC. 

Wbat happens in respect to caloric, when a solid is convert- 
ed into a FLUID ? * 

What happens when a fluid is converted into a solid ? 

What is said concerning the absorption of caloric, during the 
melting of ice ? 

What becomes of the caloric which is absorbed by the ice ? 

Bow is it shown that melting ice absorbs a quantity of caloric, 
;ifhich is not indicated by the thermometer ? 

To what is the fluidity of water owing ? 

How is it shown that caloric is absorbed during the conver* 
sion of Lii^uiDS into VAPOUR ? 

From whence does the ether obtain caloric in the experimeni 
with the thermometer ? 

What is said of the latent caloric in steam ? 

How many degrees of latent heat is it calculated steam con" 
tains ? 

When do liquids, or elastic fluids evolve caloric ? 

How is it shown that water gives out heat when it freezes t 

fiow is it shown that the compression of air produc^es heat ? 

SPECIFIC HEAT. 

What is understood by specific heat ? 

Ih different substances of the same temperature contain the 
same qtiantities of heat ? 

What are the experiments elucidating the doctrine of latent 
heat? 

What unexpected facts do these experiments prove ? 

Which has the greatest capacity for heat, mercury or 

WATtR ? 

£M>URCES OF CALORIC. 

What are the sources of caloric ? 

In what way is it c^own that percussion produces heat ? 

From whence comes the heat evolved by percussion ? 

On what principle is it, that heat is produced by friction ? 

How does mixture produce heat ? 

What is the reason that sulphuric add and water when mixed, 
occupy less space than before ? 

What is the %th source of heat t 

How far, and in what respect, are the phenomena of light am* 
neeted wi^ chemistry ? 

How is light decomposed ? 

Are the heating powers of the different prismatic bays 
alike ? 
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Where with regard to the spectrum is the greatest heating power ? 

What is said concerning the absorption of light ? 

What are bodies called which absorb^ and again give out light ? 

How is Canton's phosphorus prepared ? 

What curious property has this substance ? 

What is said of the power of the diamond in this respect ? 

Ihw is the e^ctrication ef light facilitated from the solar phos- 
phori ? 

Is LIGHT ever extricated without heat ? 
. Mention some substances 7s>hich give out hght without heat. 

What is said of light as a chemical principle in hodies ? 

What experiments show this fact ? 

What is said of the effects of light on plants ? 

Under what circumstances do plants emit oxygen ? 

WhoX is said of the influence of light on the crystallizaiion of 
salts ? 

ON AFFINITY. 

What is ATTRACTION 1 

What is the cause of attraction 7 

How will you prove the existence of attraction ? 

H&m does the spherical form of the drops of a fluid prove the 
existence of attraction ? 

What is attraction of gravitation ? 

What is cohesive affinity ? 

Does this kind of affinity operate on the particles, or maJses of 
maUer ? 

What is CHEMICAL AFFINITY ? 

What is the di^erence between cohesive attraction and chemi- 
cal affinity ? 

How is this difference illustrated ? 
How is chemical affinity divided ? 

What is ELECTIVE AFFINITY ? 

What is COMPLEX affinity ? 

What is the difference between these two kinds of affinity ? 

bi what class of bodies is cohesive affinity most strongly ex' 
erted ? 

How may the cohesion of bodies be overcome ? 

Why are substances mare easily soluble in the state of powder 
ihan in the mass ? 

To what is heat the antagonist force ? 

How does BEAT overcome the power of cohesion ? 

On what does the cohesive attraction depend f 

In what manner do<^ the heat destroy the cohesion of par* 
tides? 
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What is SOLUTION ? or how is this term applied ? 
How doe$ a fluid overcome the cohesive force of the particles of 
« solid ? . 

What is CRYSTALLIZATION ? 

What connection has been observed between the chemical 
COMPOSITION, and external forms of crystals ? 

How are the invariable forms of crystals accounted for ? 

Do substances of different chemical compositions ever crystallize 
under the same forms ? 

What is the distance at which chemical affinity is effec- 
tive ? 

Does chemical affinity bring particles of different kinds to 
unite, or those of the same kind 1 

What effect does chemical union have on the corrosive qualities 
of the a4:ids and akalies ? 

When is an acid said to be saturated ? 

Does saturation destroy the active principles of an add^ or only 
restrain its action ? 

What is the general effect which chemical combination 
has on the properties of bodies ? . 

Give some illustration (f this effect. 

What is the djfferenct between mixture and combination ? 

What are four of the most obvious changes which result 
from chemical combinations 1 

Give an example of the change of colour. 

Give an example of the change ^specific gravity. 

In whai cases does change of temperature take place ? 

Give some examples of Sie dunnges of form. 

Give an illustration of eIective affinity ? - 

What will be the chemical effect of adding sulphuric acid to a 
solution of muriate of Ume ? 

Draw a diagram to illustrate elective affinity. 

Construct a short table showing the relative forces of affinity 6e- 
between several substances. 

What are the uses of tables^ showing the relative force of qffki' 
ky? 

From what circumstance is it inferred ihat iketorc^ of chemi- 
cal affinity is great ? 

Under what circumstances does complex affinity take 
place ? 

Describe the chaises of compositi<m which takeplace^ when ma* 
riate of lime and sulphate of soda, are mixed together. 

What is the cause of the turbidn^ess which attends this mixture 1 
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ON THE GASES. 

What is a gas ? 

From whence are the gases obtained ? and by what means ? 

In what respect are the gases unlike each other 1 

In what respect do they agree ? 

Of what do the gases consist 1 

On what do the weight of the gases depend 1 

On what does their elasticity depend ? 

At what rate do the gases expand by heat ? 

What relation is there between the bulk of a gas and the 
pressure which it sustains ? 

To what extent can the bulk of a gas be reduced by pressure, 
or increased by its removal ? 

By what substances are the gases absorbed ? 

What number of gases are enumerated? 

How are they classed and divided? 

OXYGEN GAS. 

Why has not the base, or ponderable part of oxygen gas been 
examined in a separate state ? 

What is the taste and smell of oxygen gas ? 

What is the common method of procuring this gas ? 

From what substances besides manganese can it be obtained ? 

How is it procured from the leaves of plants ? 

What are the peculiar properties of this gas 1 

What phenomena are produced when zinc or iron is heated in 
this gas ? 

What effect does it have on burning bodies in general ? 

What effect is. produced on the weight of a mbtajl when 
burned in this gas ? 

From whence does it gain this accession of weight f 

What new name do the metals acquire after combustion io 
this gas ? 

What effect does oxygen have on the colour of blood? 

What new coiiq[X)und is formed when sulphur is burned in the 
gas? 

NITROGEN. 

What does nitrogen signify ? 
What effect does this gas have on burning bodies ? 
What are its effects on animals ? 

What IMPORTANT COMPOUND docs it fiMTiQ wheu mixed with 
oxygen gas ? 
How can nitrogen be obtained ? 
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COMMON AIR. 

What is meant by air ? 
How h it easily recognized ? 

Of what is AIR COMPOSED? 

What are the proportions of oxygen and nitrogen in the air ? 

How do these two gases differ when separated 2 

How can they he separated? 

What is the instrument called by which the purity of the i 
atmosphere is determined ? 

Describe one of the most simple eudiometers and the meth- 
od of using it. 

What difference has been detected in regard to the purity 
of the air, at different places ? 

In what does the synthesis of the air consist ? 

What effect does the respiration of animals produce oo 
common air I 

What is the reason that an animal cannot live where a com- 
bustible will not BURN ? 

What PRECAUTION should be taken before descending into a 
place where foul air might be suspected ? 

HYDROGEN GAS. 

From whence is the word hydrogen derived 1 

In what state has hydrogenheen examined 1 

What does the base of this gas form when united to oxygen ? 

What becomes of the heat and light, when these two gases j 
are condensed into the form of water ? 

Describe the method of procuring this gas. 

Explain the principle on which it is formed by this experi- 
ment. 

How is this gc^ formed when water is passed through a guar 
barrel. 

What is the comparative weight of this gas and common air t 

How may its levity be shown ? 

What CAUTION is advised before setting fire to bubbles of ht- I 

DROGEN and OXYGEN ? I 

How are musiOal tones produced by the burning of this ^a 
What is PRODUCED in all cases when hydiogen is burned ? ' 
How is this fact shown ? 

WATER. 

What is the composition of water ? I 

How does oxygen and hydrogen form water ? I 
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Describe a simple method ef forming water by the burning of 
hydrbgen. 

In what manner is water decomposed when we obtain only one 
•f its constituents f 

By what process can we separate and retain both of the eU" 
mentary principles of water 7 

In what proportions do oxygen and hydrogen exist in water 7 

1$ wood capable of decomposing water 7 

What gas is emitted when water is decomposed by wood 7 

How does wood effect this decomposition 7 

CHLORINE. 

What is the colour of chlorine 1 
Why has it received this name 7 
What is its specific gravity ? 
What would be the consequence of breathing it 7 
How is this gas obtained} 
What effect does it have on vegetable colours ? 
What effect does this gas have on the metals ? 
By what agency does a mixture of chlorine and hydrogen 
explode? 

What precautions are to be used in making this experiment 7 

ON THE SIMPLE SOLIDS. 

IODINE. 

From what is f/tename of this substance derived 7 

What is the form om^ appearance of iodine 7 

What is t<5 taste and what are its qualities ? 

JProm what substance is iodine obtained 1 

What is the process of obtaining it? 

What are ^Ae peculiar properties off Ais substance 7 

PHOSPHORUS. 

What is phosphorus ? 
From whit substance is it obtained 7 
What caution is necessary in handling it 7 
How may it be set onfre 7 
How is liquid phosphorus made 7 

What is the consegumce of rubbing phosphorus with oxymui;i* 
mte of potash? < ^ 

What is the process for making phosphuretted hydrogen? 

How is phosphuretof lime made 7 

What are the peculiar properties of this substance 7 
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In the formoHon ef phosphuretted hydrogen, by means of 
phosphoru8,/rom tohmce comes the hydrogen ? 
Where is phosphorus chiefly found 1 

SULPHUR. 

Where is sulphur chiefly found? 

From whence cmnes the su^^hur of commerce ? 

How may sulphur be made soft emd tenacious Kke wax ? 

What is the difference between sulphur and brimstone ? 

What are the substances with which sidpkur combines, and 
what are these compounds called 7 

In how many proportions does stdphur combine with oxygen, 
and what are fAe products calkd? 

CARBON. 

What is CARBON? 

In what FORM does pure carbon exist? 

How is carbon procured? 

What effect does heat have on charcoal when it is con^nred 
from the air ? 

What effect does newly made charcoal have on fetid qdams? 

What is taid of its use as a to(^h powder ? 

What effect does it have on putrid water ? 

What are the effects o/'air and moisture on charcoal at com- 
mon temperatures ? 

Does carbon unite with other substances ? 

What are these compounds caBed f 

What is the chemicalname of black lead T 

fFhat is the difference between iron and steet T 

When carbon is burned m oxygen gas, wh^ is ^Ae product ? 

By what other means may carbonic acfd gas be procured ? 

How much heavier is-thjs gas than common air ? 

What effect does it have on flame and life ? 

What precaution ought to he taken before descending into old 
wells ? 

With what substances does carbonic acid combine ? 

What are the compounds of carbonic acid and a base called ^ 

M^mg these compounds t which are the most important ? 

What is formed when caustic fime combines tsnih this acid ? 

How will you^tove thathme absorbs carbonic acid ? 

How b it proved that this gas is formed during the respira- 
tion OF animals ? 

How is it proved that plants abi^orb this gas t 
What is said of its existence in fermentsb liquors ? 
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ON THE METALS. 

By what PECiTLiAR properties are the metals distinguished? 

Are the metals all of them fusible ? 

What are those metals called which can he extended under the 
hammer? 

What are those called which extend under the rolling press ? 

What are the metals called when they are combined with 
each other by fusion? 

What can you say about the specific gravity of the metals ? 

Do the metals transmit light 7 

What is meant by the word annealing ? 

What kind of a change do the metals (except gold, silver, and 
platinaj) undergo when exposed to the air and moisture ? 

Why is the weight of a metal increased by being changed 
into an oxide ? 

How can it be said, that all the metals are combustible bo- 
dies. 

In what state are the metals soluble in acids ? 

Why does not gold dissolve in nitric acidl 

How is it proved that their union with oxygen increases the 
weight of the metals ? 

How can the oxides of the aietals be reviveDj or brought 
back to their metallic states ? 

When a metal is reduced by charcoal, what gas is there form- 
ed by the process ? 

What alteration does mercury undergo, when submitted for a 
long time to moderate heat ? 

What compounds are formed by a union of sulphur with the 
metals ? 

When phosphorus unites to a metal^ what is the compound call' 
ed? 

Of what are the carburets composed f 

How is the rapid production of heat acc(tuntedfor, when iroB 
filings and sulphur are mixed, and gently warmed ? 

What is a metallic salt ? 

How are the red fumes produced when a metal is dissolved 
in nitric acid ? 

For what purposes are the metallic salts used? 

What metallic salts are particularly useful in dyeing f 

What are the effects of the pure metals on the stomach ? 

How can glass be tinged so as to resemble the precious stones 7 

Do the metals when melted with each other enter into ehemicai 
union? 

19 
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What effect does the alloying of the metals have on their 

BFBGIFIC GRAVITIES 1 

Wwkai is the attoy composed which melts in boiUng water ? 

Why do aOoys oxidize more readily them pure meUds ? 

How are the metals extractedfrom their ores ? 

What are the naaus of the malleable m^ais ? 

What are the names of the brittle metals f 

What metais are fused with difficulty ? 

What are the names of the infusible Jite/€i2s ? 

GOLD. 

What is the specific gravity of gold ? 

What is said of the malleability of this metal ? 

What effect does inttnu and tang continued heat produce on 
this m^oSl 

Whal are the acids which dissolve gold? 

Describe the method of gilding steel with the etherial solution 
4(fgoldf 

PLATINA. 
What is the specific gravity of platina? 
Prom what country is this metalhrought ? 
In what respect is platina Uke iron ? 
Howmay platina he nuUed ? 
How may this metal be oxidated? 
What is the advent ^platina ? 
What is said of the alloys of this metal? 
What is said of the ductilty of this metal ? 
What is said ^ its power to conduct heat ? 

SILVER. 
What is said of the anBcuic gravity, mallbabilitv, and 

0UCTILITT of silver? 

Does heat oxidate siher ? 
What is the solvent of this metal ? 
What is the process of making lunar cavstic 1 
How is indlible ink made ? 

What substances precipitate siher from its sohttioh ? 
How can you cover a sUp of copper with siher ? 
Describe the jprocess of making Diana's silver tree t 
How is silvering pomdet prepared ? 
What is the process of sihering ivory ? 
HowcanBilYet be dissolved without toucMug gold, copper, 
read, or iron I 
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MERCURY. 
What is the SFEapic gravity of mercury ? 
At what degree below zero does it assume the solid form ? 
How may mercury be oxiddted ? 
What are the metaUic mixtures with mercury called ?* 
How do the gold beaters obtain small particles of gold, by means 
of mercury ? 

How is Vermillion prepared ? 

Describe the method o/^ silvering looking-glasses. 

W^ are the principal uses of this metal ? 

Whai is said of Rhodium, Palladium, Iridium, and Osmium ? 

COPPER. 

What is the specific gravity o£ copper 1 

What is said of the ductility, malleability and tenacity of this 
metal? 

What is said of the combination of copper Ttnth the acids ? 

Horo^ can iron be covered xvith a coat of metallic copper f 

What is the experiment with nitrate of copper and tinfoil ? 

What is the rationale o/* this experiment ? 

What is verditer 1 liow is verdigris prepared ? 

How is copper obtained from streams of water containing « 
solution of its sulphate ? 

How is BRASS formed ? 

What other alloys of copper are *DaluMe in the arts ? 

What is said of copper vessels for culinary purposes ? 

What is one of the best tests for the presence of this metal ? 

IRON. 

What is said of the abundance and usefulness of iron ? 

What is the specific gravity of iron ? 

What is said of its malleability, and (kictility ? 

Yfhere is iron chiefly found f 

By wYkOt substance is it generally mineralized 1 

What is the effect of hot iron on water ? 

What is the chemical name, and composition of the rust oj 
iron ? 

Whichy among the salts of iron, is the most important to the 
arts? ♦ 

What is the compositon of writing ink ? 

Why does the addition of iron filings to ink destroy its 
colour ? 

Why is ink decomposed by age ? 

What is the composition of steel ? 
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Why does iron occupy less space in the fluid than m the solid 
form ? 

NICKEL. 
What is said of the malleability of nickel 1 
What is its specific gravity ? 
In what respect does it resemble iron ? 
What is the principal ore of this metal ? 
What use do the Chinese rnake of this metal ? 

TIN. 
What is the specific gravity of tin ? 
What is said of its ductility and malleability ? 
What is the name of the idloy of tin and copper ? 
What is made of ^^ amalgam of tin and mercury 1 
What is the process of tinning iron 1 

LEAD. 

What is the specific gravity of lead ? 

What is said of the oxidation of lead ? 

How is RED LEAD prepared ? . > 

How is red lead most easily reduced to its metallic stated 

What is said of the action of water on this metal ? 

Under whai circum>stances does sulphuric acid act on lead ? 

How is patent yellow prepared ? 

What is the process for preparing white lead ? 

How is sugar of lead macfe ? 

ZINC. 

What is the name of the ore frotu which Zinc is obtained ? 
What is said of the malleability of this metal ? 
How may this metal be hurned in the open air ? 
What salt of this metal is best known and most useful ? 
What alloy of this m>etal is most important ? 

BISMUTH. 
What is the colour of srsMUTH 1 
What is its specific gravity t 
How is the whitA)xide of bismuth prepared ? 
Why is bismvilh peculiarly useful in the composition vf printing 
types ? 
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ANTIMONY. 

What is the colour, and what are the other external proper- 
ties of ANTIMONY ? 

What is the effect when vapour of water is brought in contact 
toith ignited antimony 7 

What is said of the acids of this metal ? 
How is glass of antimony prepared ? 
What is the composition of tartar emetic ? 
Give some account of tellurium and selenium ? 

ARSENIC. 
How may metallic arsenic be procured from the white 

OXIDE t 

3y what particular smell is arsenic distinguished ? 
In what way can this metal be detected by metalli'^ copper f 
What is said of the poisonous qualities of this metal ? 
In what respect do the oxides of this metal fulfil the functions 
of an acid, 

COBALT. 
What is the colour and specific gravity of cobalt ? 
What is said of its fusibility ? 
What are the principal uses of this metal ? 
How is sympathetic ink prepared from this metal ? 
What peculiar properties has this ink ? 

MANGANESE. 
'Does this metal ever occur in the metallic state 7 
What curious properties has this metal 7 
What is the mineral camelion 1 
What is the principal use of the black oxide oi manganese 7 

CHROME. 
What are the uses of chrome 7 
In what state is this metal foumd7 

€Hve some account of molybdenttm. uranium, titanium, co- 
lumbium, and ceriom. 

ON THE EARTHS. 
What are the names of the alkaline earths ? 
Wliat are the names of the simpli^ earths 7 
What is said about the metallic bases of the earths ? 
What are the colours of the pure earths 7 

BARYTES. 
How may pure barytes be obtained 7 
What are the qualities of this earth 7 
What are the uses of this earth 7 
What is the base of barytes called? 
In what state is this earth found native t 
What is the metallic base of this earth called? 
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What is the most obvious distinction between tkis earth and 
barytes ? 

LIME. 

What is the form under which lime exists in the greatest 
abundance ? 

How is QUICKLIME prepared ? ^ 

How do fou account for the heat produced by th« slothing 
of lime ? 

In what proportion is lime sohtbk in water t 

What is said of lime as a test for carbonic acid? 

What are the principal uses of lime t 

What is the base of lime caUedl 

MAGNESIA. 

How is MAGNESIA procured ? 

What are the uses of magnesia t 

What are the forms in which it is used in medicine ? 

What is the metallic base of this earth called 1 

Has this metal ever been oMainedl 
SILEX. 

What are the stones in which silex is chiefly found? 

Describe the mode of obtaining this ear^. 

What is the colour and taste o/* sileT^ 1 

"What are the acids which act on silex 1 

What are the uses of this earth t 
ALUMINE. 

From whence does this earth derive its name t 

Describe the process of obtaining this earth. 

What is said of the existence of the earth in soils ? 

What precious stones are composed of aluminel 

What USE is made of this earth in the arts ? 

Give some account of Zircon, Glucine, Ittria, and Thorina. 
ON THE ALKALIES. 

What are the general properties of the alkalies ? 

What are the nunes of the alkalies ? 

Why are the threeftrtt called fixed ? 

Why is ammonia called the volatile alkali ? 
POTASH. 

From whence does potash derive its name? 

How is POTASH obtained ? 

What tssalt of tartar ? 

What is salt of wormwood 7 

H(m do these salts differ from common potash ? 

What are the principal uses of potash ? 

^ hom many proportions does carbmiic acid comhine withpoU 
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What are the ncme$ of these salts ? 

What is the composition of potash ? 

Horn wa$ the decomposition of potash effected ? 

How do you account for the decomposition of potash by the galva* 
nic battery ? 

How is pure or caustic potash prepared ? 

How does this differ from the carbonate of potash ^ 
SODA. 

How is SODA prepared^ 

How does SODA differ from potash 7 

What is the composition of borax ? 

What is the composition of 8ea*salt 1 

How is SODA obtained from the sulphate of soda ? 

In what respects does soda resemble potash ? 

How does soap made with these two alkalies differ ? 

JVhat is said of the metals potassium and sodium ? What is their 
specific gravity ? 

What is the effect when they com& in contact with water ? 

On what principle do you account for the combustion of these 
metals when thrown on water ? 

What proof is there that bases of potash and soda are metals ? 
LITHIA. 

What is the history of lithia ? 

In what respect does lithia resemble the other aikalies 7 

How is this alkali distinguished from potash and soda ? 
AMMONIA. 

In what form does pure ammonia exist ? 

How is ammonia obtained 1 

Horao may ammonia be retained and examined without a iiierctc- 
rial baift ? 

What effect does this gas have on flame ? 

How is SPIRIT OF hartshorn prepared ? 

What is ammoniated alcohol ? 

What is said of sal ammoniac ? 

How is this salt prepared ? 

Explain the principles on which the fonnation of sal ammo- 
niac depends during this process. 

Is ammonia a simf^e or compound body ? 

What evidence is there that ammonia has a metallic basis ? 
ON THE ACIDS. 

Define what is meant by the term acid. 

With what subtflances do the acios combine to form salts ? 

Are all the acids sour ? 

H^m UTM l&« ek$id» formed ? 
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What substances are called acidifiable bases ? 

What is said of the combiDation of bases with sereral doses 

of OXYGEN ? 

What acids are formed bj the tunon of sulpiivr with oxygen? 

From what are the peculiar properties of the acids and 
their names derived ? 

How do joa know by the name of an acid, what proportion 
of OXYGEN it contains ? 

When a base has combined with its full proportion of ox- 
ygen, how does the name of the acid bnb ? 

How does the name of the acid end when the base has com- 
bined with only one proportion of oxygen ? 

Mention an instance where a base forms an oxide with the 
FIRST proportion of oxygen*and an acid with the second. 

Is every acid capable of uniting rmth each of the cdkalies, 
earths, md metallic oxides ? 

How many disiiinct ingredients does a salt contain ? 

What would be the name of a salt composed of sulphuric 
atid and potash ? 

Do the acids ending in ous and those ending in icform similar 
salts mth the game base ? 

How do the names of the salts end, which are formed with cm 
acid, ending in ous ?. 

How do they end when formed of an acid ending in ic ? 

When the acid predominates in the composition of a salt, 
how is this denoted ? 

When the base predominates, bow is it known ? 

What is the composition of nitrate of potash ? 

What would be the nam^ of a salt composed of muriatic 

ACID and AMMO MA ? 

Into how many classes do the acids admit of being diirided ? 
What is the acidifying pnuviple among all the acids T 

MINERAL ACIDS. 
SULPHURIC ACID. How is sulphuric acid formed ? 
What acid is formed when sulphur is burned in common air? 
Whai aeid is fanned when it is burned in oxygen gas ? 
What is the cause of this difference ? 
What is the mode of m^aniifatturing this aeid ? 
How are the sulphates tormed ! 

By what class of substaifces is sulphuric acid decomposed ? 
How does charcoal ^compose this aeid ? 
What is 1^ compotiiimi of this acid tn4ts dry state ? 
SULPHUROUS ACID. What is the form under which ihit 
mcid exists ? 
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How is this acid produced ? 

What are the properties of this ga$ ? 

How is its BLEACHING property shown ? 

What is said of its action on metalic oxides ? 

How it this property of reviving metallic oxides explained? 

NITRIC ACID. From what substance, and by what process 
is NITRIC ACID obtained ? 

What is the form of pure nitric acid ? 

What is said of the ^ect of light on this acid ? 

How does this acid act on combustibles ? 

Explain the reason why it will inflame charcoal and oil of 
turpentine, when oiher^ acids do not* 

What is A^UA FORTIS ? 

What are the salts called which this acid forms with the 
bases? 

NITROUS ACID. How is nitrous acid procured ? 

In whckt form does it exist ? 

How do you distinguish nitric, and nitrous acids from each 
other? 

CARBONIC ACID. What is the form of the carbonic acid ? 

fiow may this acid be prepared by combi^stioa ? 

What is the taste of this acid ? 

What other proof is there, that this gas is composed of car- 
son and oxroBN, besides the union of these substances by 
combustion ? 

MURIATIC ACID. From what substance, and by what 
process is this acid obtained ? 

Explain the we of the several parts of the apparatus. 

What are the properties of liquid muriatic acid ? 

What are the names of the salts formed by this acid ? 

BORACIC ACID. From what substance is this acid obtained? 

What is the process ? 

What peculiar ^ect does this acid have on flame ? 

What are the names of the salts compounded of this acid t 

PHOSPHORIC ACID. H(^ is phosphoric acid procured ? 

Explain <Ae rationale of its production ? 

What are the properties of this acid ? 

What are the salts formed with this acid called ? 

What is said of natural phosphates ? 

Do plants contain this acid ? What consequences are said^ 
•emetimes to happen from its existence in csarcoal ? 

PHOSPHORUS ACID. H<yw is this acid produced ? 

What is the rationale of its formation ? 

How are ^se saits changed in phosphates ? 
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What are the salts called of which the acid forms a part ? 

ARSENIC ACID. How is arsenic acid formed ? What 
is said of its poisonous qualities ? 

What are its salts called ? 

ANTIMQNIOUS and ANTIMONIC ACIDS. Qivt $ome ac- 
cowU of these acids, 

CHROMIC ACID. What is the form and colour of chbo- 

MIC ACID ? - 

How is this acid obtained ? 

What are the salts formed with this acid called ? 

MOLYBDIC and MOLYBDOUS ACIDS. What are tftc fca- 
ses of these acids? • 

FLUORIC ACID. What is the substance from which this 
ACID is obtained ? 

Describe the process for obtaining it. 

What singular, and cvrious property has this acid ? 

For what purpose is the fluoric acid used ? 

Describe the method of etching on glass. « 

ACETIC ACID. What is oxalic acid ? 

How does this acid differ from vinegar ? 

How is VINEGAR made ? 

Why does cider, or wine become acid by exposure to the air ? 

What is said of wood vinegar ? 

How may pure acetic acid be obtained ? 

What are the properties of pure acetic acid ? 

OXALIC ACID. Hovi is this acid obtained? 

What is Reprocess of obtaining this add from sugar by means ^ 
♦^ nitric add ? 

What is the use of oxalic acid ? 

What are the names of the salts ^formed of this add ? 

TARTARIC ACID. Give some account of tartaric acid. 

From what substance, and how, is this acid obtained ? Des- 
cribe the PROCESS and point out the chemical chan«es which 
take place in its progress. 

To what USE is this acid applied ? 

What IS the composition of the soda powders ? 

What occasions the effervescence when these POWDsits are 
thrown into water ? 

GALLIC ACID. What substance contains this acid in the 
greatest abundance ? 

What is said of the property of this acid to precipitatb the 
Ketals from their solutions ? 

How is INK made ? 

CITRIC ACID. What are the fruits which contaia th« 
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eiTKic ACID in the greatest abundance ? 

How is this acid obtained ? 

What is the form of thds acid ? 

What are its uses ? 

MALIC ACi D. What is said of this acid ? 

PYROLIGNEOUS ACID. From what is this acid obtained ? 

What is the process of manufacturing it? 

What are the peculiar and useful properties of this acid? 

What is the difference between the fyrolioneoui and ace- 
tic acids ? 

What is said of its powers of prcservikg meat ? 

PRUSSIC ACID. , Is this an animal, or vegetable acid ? 

Describe the process of preparing it ? 

Point out the chemical changes which take place during tiie 
process. 

What is the colour^ and what are the qualities of this acid ? 

What are the uses of the prussic acid ? 

SEBACIC ACID. What are the substances from which the 
SEBACic ACID are obtained ? 

ON THE SALTS. 

Give a definition of salt. 

What part of the salt is called the base 1 

When is an acid said to be saturated ? 

When is the acid and base said to be neutralized ? 

What does the preposition super denote when prefixed to the 
name of a salt ? 

H(yw does svib-carbonate of soda differ from the carbonate ? 

What is said of saturating water with several kinds of salt at 
the same tim^e ? 

SULPHATES. 

What are some of the distinctive characters of the sulphates ? 

SULPHATE OF SpD A. E(m is sulphate of soda/ormed ? 

Does the add, or alkali predominate in this salt ? 

What is the composition of this salt ? 

SULPHATE OF BARYTES. What is one of the most re 
markMe properties of this salt 7 

How will you treat the sulphate of barytes to afford the solar 
phosphori ? 

WImU is the composition of this salt ? 

SULPHATE OF Lli^IE. Where is sulphate of lime 
found, and under what name is it generally known ? 

What are its uses ? 

What per cent, of water does this salt contain ? 
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SULPHATE OF MAGNESIA. What is the commoit 
NAME of this salt 

What is the process, by which this salt is obtained ? 

Describe some of its properties. 

Of what is it composed, and what are the proportions ? 

What are its uses ? 

SULPHATE OF ALUMINE. What is the common kame 
of this salt 1 

Where is it found ? 

Describe the different methods of obtaining it. 

Describe the process of making Homberg*s pyrophorus. 

What are the peculiar properties of this substance ? 

Describe the chemical changes which the sugar and alum under* 
go during this process, 
* NITRATES. 

What are the distinctive characters of the nitrates ? 

NITRATE OF POTASH. What is the common name of 
this salt 1 

Where is nitre found ? 

What is the mode of obtaining nitre ? 

What is said of the nitre found in the state of Kentucky ? 

Describe an artificial nitre bed. 

What chemical agencies are involved in the formation of 
nitre in these beds ? 

What are the component parts of this salt ? 

What is obtained by the distillation of nitre ? 

What is said of the decomposition of nitre by means of sul- 

»HUR? 

How is gunpowder prepared ? 

Describe the mjode of preparing fulminating powder. 

NITRATE OF AMMONIA. Describe the method of 
f REPARiNG this salt ? 

What are the uses of this salt 1 

MURIATES. 

What are the distinctive characters of the muriates ? 

MURIATE OF SODA. What is the common name of this 
sidt? 

What is the proportion of common salt in sea water 1 

Describe the salt mine at Cheshire, 

Mention the principal places where great quantities of this salt 
are found. 

What quantity of salt is estimated to have been made yearly 
firom salt springs in the United States ? 

By what method is muriate of soda extracted from sea watsr 1 
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What change does this salt undergo on being ignited in a cruci' 
hie with charcoal ? 

What are the conwonent parts of this salt ? 

MURIATE OF LIME. How is muriate of lime prepared ? 

What peculiar property of this salt is mentioned? 
OXYMURIATES. 

What are the distinctive properties of the oxymuriates, or chlo* 
rates ? 

CHLORATE OF POTASH. How is this salt prepared ? 

What CAUTION is to he observed in preparing this salt ? 

When this salt is distilled^ what is the product ? 

In what peculiar manner can combustion be effected by means 
of this salt ? 

What CAUTION is to be observed in regard to mixtures of chlo- 
rate of potash and combustibles ? 

CARBONATES. 

What are the characteristic properties of the carbonates ? 

CARBONATE OF LIME. What is the common name of 
this salt ? 

How is QUICKLIME prepared ? 

What acid is given out when carbonate of lime is mixed with any 
of the mineral acids ? » 

What is the experiment proving the solubility of lime in carbo' 
flic add ? 

Hozv is it proved that lime absorbs carbonic acid from thefat* 
jnosphere ? 

CARBONATE OF POTASH. What is the common 
NAME of this salt ? 

What is said of the quantity o/* carbonic acid absorbed by pure 
potash ? 

What CHANGE is produced on the potash by this absorption ? 

By what method can you tell the- quantity o/* carbonic acid 
which a sample of potash contains ? 

What is the difference between carbonate and bi'Carbonate 
of potash ? 

Describe the process of making the bi-carbonate. 

What proportions of alkali and acid do each of these salts con* 
tain^ 

CARBONATE OF SODA. How is soda obtained ? 

There are two distinct salts of soda, describe the difference be* 
tween them. 

ON THE COMPOUND GASES. , 
CARBURETTED HYDROGEN. What is the composi- 
tion of this gas ? 
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What difference is there between the several varieties of this ga^ ? 

How is carburetted hydrogen procured ? ' 

On what does the difference of specific gravity in these 
gases depend ? 

How is the GAS used in lighting streets, obtained ? 

By what simple experiment can an example of gas-lights be 
shown ? 

By what process can this gas be obtained from alcohol,? 

CARBONIC OXIDE. How does this gas differ from 

CARBONIC ACID ? 

How is carbonic oxide obtained ? 

Explain why carbonic oxide is obtained by (his process, and 
not carbonic acid ? 

/5 this an inflammable gas ? 

How is it proved that this gas contains no hydrogen ? 
NITROUS OXIDE. What is the coMPo^ITION of this gas ? 
What is the name of the salt from which this gas is obtained ? 
What is the process of obtaining it 1 

Describe the simple utensils with which it may be procur- 
ed and breathed. 

ON VEGETATION. 
What are the elementary substances of which vegetable6 
are composed ? 

What are the essential organs of plants ? 
What change does the FARiNi»cEous substance of seeds un- 
dergo during their germination ? 

What circumstances are necessary to the healthy germina- 
tion of seeds ? 

How is it shown that seeds will not germinate without air ? 
What is said of the germination of seeds in the exiiausted receiv* 
ert of an air pump ? 

What effect does oxygen have on the germination of seeds ? 
What is said of Van Helmonfs willow ? 
What is ascertained concerning the growth of plants in 
pure water ? 

How is it proved that plants absorb matter from the soil ? 
What particular ingredients itiust a soil contain in order to 
make it productive ? 

Is it necessary that the food of plants should be soluble in 
water ? 

What change does the sap undergo in the leaves ? 
What part ofaplcmt performs the office of perspiration ? 
What facts are known concerning the absorption of carbon- 
ic acid by the leaves of plants ? 
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Will phtnts live in pure carbonic acid ? 

What do plants emit while they absorb carbonic acid ? 

How do you account for the fact that plants absorb carbonic 
ACID and at the same time give out oxygbn ? 

When a plant is exposed to the rays of the sun^ under water, 
what ^ect does the water have on the plant ? 

How is it proved that plants refuse to emit oxygen, unless car» 
honic add be present ? 

What DIFFERENT OFFICES do the leaves of plants perform 
during the night and during the day 1 

What IS said of the absorption of water by the leaves of plants ? 

What circumstances show that the leaves absorb water ? 

What other agent besides heat, oxygen, and moisture, does vegt* 
tation require ? 

How do plants show their disposition to enjoy the light ? 

Why do trees standing near together grow taller than those 
which are scattered ? 

What ^ect does light or darkness have on the quantity of car* 
hon which plants contain ? 

Why do not plants growing in the dark, contain the ordinary 
fuantity of oil? 

What are the products of vegetables, when submitted to ds- 

iXRUCTIVE DISTILLATION 1 

What are each of these products composed of ? 

When a vegetable substance contains more oxygen, than is 
necessary to form water with the hydrogen present, what is 
the result ? 

When a vegetable substance contains less oxygen, than in 
the proportion to form water with the hydrogen present, what 
then is formed ? 

In what proportion do the elements, hydrogen and oxygein 
exist, in saccharine and mucilaginous substances ] 

What are the ingredients of plants ? 

How can the ingredients of plants be separatsd from each 
other 1 

What are the solvents made use of for this purpose ? 

GUM. What is the proper solvent of Gum f 

When gum is submitted to destructive distillation, what is the 
product ? 

SUGAR. How is sugar obtained t 

What is the process of purifying raw sugar ? 

What is the method of whitening sugar ? 

What is the composition of sugar ? 

STARCH. How is starch o^ained, and from what substances? 
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What is the most characteristic property of starch ? 
How may starch be converted into sugar ? 
GLUTEN. How may gluten he obtained ? 
What are the properties of gluten ? 
What is the proportion of gluten in wheat ? 
EXTRACTIVE MATTER. . What is meant by extrac- 
tive MATTER 1 

How is it obtained ? 

TANNIN. What are the substances which chiefly contain 

TANNIN ? 

How may tannin be obtained ? 
What is the principal use of tannin 1 
How does tannin render leather impervious to water ? 
COLOURING MATTER. What is said of the^ colouring . 
principle ? 

How have colours been divided in reference to their em- 
ployment in DYEING ? 

What do ADJECTIVE COLOURS require to fix them ? 
What is the intervening substance between the cloth cmd the co* 
louring called ? 

FIXED OILS. In what parts o»f plants are f^xed oils 
found ? 

How are these oils obtained f 
What changes do these oils undergo in air 1 
What causes rancidity in oils \ 
What is the composition of the fited oils 1 
VOLATILE OILS. How are the volatile oils obtained t 
"WiwJt is the proper solvent for these oils ? 
What are their principal suses ? 

When these oils are adulterated with fixed oils, Jiow TMty the 
"firaud he detected 7 

ON FERMENTATION, &c. 
What is FERMENTATION ? Define the term. 
What coNoiTioN.s are necessary for this process? 
What are the phenomena attending vinous fermentation f 
What GAS is GENERATED and makes its escape during the 
process 1 
What is the principal substance concerned in vinous fbr- 

MENTATJON 1 

In the production of beer, where does the sugar come from ? 
What changes does fermentation produte on the fermented 
liquor ? 
What is said concerning the prqduction of alcohol by 

DISTILLATION ? 
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What gives the peculiar flavour to distilled spirits ? 
* How is ALCOHOL obtained ? 

What is the composition of alcohol ? 

ETHER. How is ether procured ? 

How do the various ethers differ from each other ; and on 
what does this difference depend 7 

How is SULPHURIC ETHER obtained ? • 
* What are the qualities of sulphuric ether ? 

What is the composition of sulphuric ether 1 

How is NITRIC ETHER prepared ? 

What are some of th*e qualities of nitric ether 7 
ON ELECTRO-CHEMISTRY. 

When will two electrified pith balls repel, and when will 
they attract each other ? 

What is the difference between conductors and non-con- 
ductors of electricity ? 

What is the difference between electrics and non-elec- 
trics ? 

What substances are conductors and what are non-conductors 
of electricity 7 

When two electrics are rubbed together, what is the dif- 
ference in their electrical states 1 

In what do the positive and negative electrical states consist ? 

When is a conductor said to be insulated 7 

GALVANIC ELECTICITY. 

What are the substances capable of exhibiting galvanic 
phenomena ? 

What DIFFERENCE is there between the conditions neces- 
sary to excite common electricity and those necessary to ex- 
cite Galvanism ? 

In the experiment with the two metals cmd the tongue, what 
galvanic principles are involved 7 

Describe a galvanic pile and explain the principles of its 
action ? 

In what respects must two metals differ, as a necessary 
condition to the extrication of galvanic power ? 

Hmo may the same metal be made the positive or negative side 
respectively^ 7 

What serves as a conductor of the galvanic power from 
plate to plate in the voltaic pile 1 

Describe the construction of the galvanic trough, and explain 
its principles of action. 

How may a galvanic battery be constructed by means ofgUiS" 
ses and plates of metal 7 
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VOCABULARY 

OF 

CHEMICAL T£RMS. 

A ,•;.-"' ' 

Aettaitt. Componnds formed by tbe combinations of a base witb acetic 

acid, 
jfodlr. Compoonds formed by tbe combination of oxygen with certain 

elementary bodies, forming in general a class of substances which 

are soar to the taste, and which unite with alkalies, and metallic 

oxides to form salts. 
Jimfirm fluids. Elastic flnids. Atmospheric air, and the gases are •f 

this kind. Their aeriform state is owing to the caloric with which 

their bases are combined. 
Jtffbnitjf, ehewtieal. A term used to express that peculiar propensity which 

snhstances of different kinds have to unite witn each other, as 

acids, and alkalies, &c. 

of of^gregaiion. That force is so called by which substances of 

the same kind tend to unite, without changing their qualities. 
■' ofcomptitimi. The force by which substances of different kinds 

combine, and form a Ibird, which differs from either of the two 

ftrst, before the eombinatioB. Thus muriatic acid and soda form 

common salt. 
JUhumen. Coagulable Ivmpb. It is contained in animal substances, as 

the serum of the blood. The white of eggs is albumen. 
JUeohol Rectified spirit of wine. It is always the same, firom whatever 

kind of spirit it is distilled. 
Alkalies, Peculiar substances which have a caustic burning taste, and a 

strong tendency to combination, particularly with acids, and with 

water. 
MUyt. A combination of any two metals, except mercury. Brass is an 

alloy of copper and Einc. 
Mmalgvm, A mixture ot mercury with any other metal. 
Analyiit, Separation of the constituent parts of compounds, for the pn^ 

pose 01 detecting their composition. This is done by re-agenta 
Annealing. Rendering substances tough, which before were britUe. The 

metals are annealed by heating them red hot, and then cooling 

them gradually. 
Arieniaies, Salts formed by the combination of a base with the arsenic 

acid. 
AM9te, This nanie is given by the French chemists to nitrogenf which set • 



d by Google 



OF CHCBIICAL TERMS. 231 

B. 
Balsams. Certain aromatic resinons substances, which are obtained from 

some trees by incisions. Of this kind are the Canada balsam, the 

balshm of Copavia, the balsam of Tolu, he. 
Barometer. An iiistrament which shows the variation of the pressure of 

ihe atmosphere, by tie rise or fall of a column of mercury in a 

glass tube attached to a graduated plate. 
Base. Achemieal term, usually applied to denote the earth, the alkali, 

or the metal which is combined with an acid to form a salt. 
Baths. Vessels for distillation or digestion, cuntrived to transmit heat 

gradually or regularly. 
■ Mand. Vessels filled in part with dry sand, in which those retorts 

are placed which require a greater heat than can be given by boil- 
ing water. In large works, iron plates are used instead of vessels 

of capacity. They are often called sand heals. 
.— - tracer. Vessels of boiline water, in which other vessels containing 

the matters to be distilled or digested are placed, in order that the 

same heal may be kept up throughout the whole of any particular 

process. 
Benzoates. Salts formed by the combination of any base with the ben- 

zonic acid. 
Blow-pipe, An instrument to increase and direct the flame of a lamp for 

the analysis of minerals, and for other chemical purposes. 
Borates. Salts formed by the combination of any base with the acid of 

borax. 

C. 

Calcareous. A chemical term formerly applied to describe chalk, mar- 
ble, and all other combinations of lime with carbonic acid. 

Calorie. The chemical term for the matter of beat. 

^ free. Is caloric in a separate state, or, if attached to other sub- 
stances, not chemically united with them. 

— — — latent. Is the term made use of to express that portion of calo- 
ric which is chemically united to any substance, so as to becoqie a 
part of the said substance. 

Camphorates. Salts formed by the combination of any base with the cam- 
phoric acid. 

Capillary. A term usually applied to the rise of the sap in vegetables, or 
the rise of any fluid in very small tubes ; owing to a jpeculiar kind 
of attraction, called capillary attraction. 

Carbon. The basis of charcoal. 

Carbonates. Salts formed by the combination of any base with carbonic 
acid. 

Carburets. Compound substances, of which carbon forms one of its con- 
stituent parts. Thus plumbago, which is composed of carbon and 
iron, is called carburet of iron. 

Charcoal. Wood burnt in close vessels : it is an oxide of carbon, and 
generally contains a small portion of salts and earth. Its carbona- 
ceous matter may be converted by combustion into carbonic acid 
gas. 

Chlortne. A name lately given to the substance usually called oxymuri- ■ 
atic acid. 

Chlorates. Salts formed by the union of the chloric acid with the salifia- 
ble bases. 
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ChronUites. Salts formed by the combination of any base with the chro- 
mic acid. 
Cilrales. Salts formed by the comi>ination of any base with citric acid. 
Coal. A term applied to the residum of any dry distillation of animal or 

Tegetable matters. 
Cofuiion. A force inherent in all the particles of all the substances, ex- 
cepting light and caloric, which prevents bodies from falling in 

pieces. 
Columbates. Salts formed by the combination of any base with the co- 

lunobic acid. 
Combination. A terra expressive of a true chtmical union of two or more 

substances ; in opposition to mere mechanical mixture. 
Combuitiblei. Certain substances which are capable of combining more 

or less rapidly with oxygen. They are divided by chemists into 

simple and compound combustibles. 
Combtution. The act of absotptiun of oxygen by combustible bodies 

from atmospheric or vital air. 
Cryitnllizalion. An operation of nature, in which various earths, salts, 

and metallic substances, pass from a fluid to a solid state, assuming 

certain determinate geometrical figures. 
water of. That portion which Is combined with salts in the act 

of crystallizing, and becomes a component part of the said saline 

substancei. 

D. 

Decomposition. The separation of the constituent principles of compound 
bodies by chemical meant. 

Deflagration. The vivid combustion that is produced whenever nitre, 
mixed with an inflammable substance, is exposed to a red heat. 
It may be attributed to the extrication of oxygen from the nitre, 
and its being transferred to the inflammable body y as any ot ths 
nitrates or oxygenized muriates will produce the same effect. 

Deliquescence of solid saline bodies, signifies their becoming moist, or li- 
quid, by means of water which they absorb from the atmosphere 
An consequence of their great attraction for that fluid. 

Deoxidise. To deprive a body of oxygen. 

Detonation. An explosion with noise. It is most commonly applied to 
the explosion of nitre when thrown upon heated charcoal. 

Digestion. The effect produced by the continued soaking of a solid sub- 
stance in a liquid, with the application of heat. 

Distillation. A process for separating the volatile parts of a substance 
from the more fixed, and preserving them both in a state of separ- 
ation. 

Duelility. A quality of certain bodies, in consequence of which they may 
be drawn out to a certain length without fracture. 

E 

Edulcoraiion. Expressive of the purification of a substance by washing 

with water. 
Effervtseenu. An intestine motion which takes place in certain bodies, 

occasioned by the escape of a gaseous substance. 
Efflorescence. A teim commonly applied to those saline crystals which 

become pulverulent on exposure to the air, in consequence of the 

loss of a part of the water of crystallisation. 
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EloMtieUy. A force in bodies, by which they endeavour to restore them- 
selves to' the posture from whence they were displaced by an ex- 
ternal force. 

Elastic fluids. A name sometimes given to vapours and gases. Vapour 
is called an elastic fluid ; gas, a pnrmanently elastic fluid. 

Elements. The simple, constituent parts of bodies which are incapable of 
decomposition ; they are frequently called principles. See Simple 
Substances. 

Empyreuma. A peculiar and .indiscribable disagreeable smell, arising 
from the burning of animal and vegetable matter in close vessels. 

Ethers. Volatile liquids formed by the distillation of some of the acids 
with alcohol. 

Evaporation. The conversion of fluids into vapour by heat. This ap- 
pears to be nothing more than a gradual solution of the aqueous 
particles in atmospheric air, owing to the chemical attraction of 
the latter for water. 

Eudiometer. An instrument invented by Dr. Priestley for determining 
the purity of any given portion of atmospheric air. The science of 
investigating the different kinds of gases is called eudiometry, 

F. 

Fermentation. A peculiar spontaneous motion, which takes place in all 
vegetable matter when exposed for a certain time to a proper de- 
gree of temperature. 

Fihrine. That white fibrous substance which is left after freely washing 
the coagulum of the blood, and which chiefly composes the mus- 
cular fibre. 

Flowers. In chemical language, are solid dry substances reduced to a 
powder by sublimation. Thus we have flowers of arsenic, of sal 
ammoniac, of sulphur, kc. which are arsenic, sal ammoniac, and 
sulphur unaltered except in appearance. 

Fluates. Salts formed by the combination of any base with fluoric acid. 

Fluidity. A term applied to all liquid substances. Solids are converted 
to fluids by combining with a certain portion of caloric. 

Flux. A substance which is mixed with metallic ores, or other bodies to 
promote their fusion ; as an alkali is mixed with silex, in otder to 
form glass. 

Fulmination. Thundering or explosion with noise. We have fulmina- 
ting silver, fulminating gold, and other fulminating powders, which 
explode with a loud report, by friction, or when blightly heated. 

Fttsion. The state of a body which was solid in the temperature of the 
atmosphere, and is now rendered fluid by the artificial application 
of heat. 

G. 

Gallales. Salts formed by the combination of any base with gallic add. 

Galvanism. A new science which offers a variety of phenomena, result- 
ing from different conductors of electricity, placed in differeat 
circumstances of contact 

Gas, All solid substances, when converted into permanently elastic flu- 
ids by caloric, are called gases. 

Gaseotis. Having the nature and properties of gas. 

Gasometer. A name given to a variety of utensils and apparatus contriv- 
ed to measure, collect, preserve, or mix the different gases. An 
21* 
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apparataf of this kind is also used for the purpose of administeriog 
pneumatic medicines. 

Gelatine. A chemical term for animal gelly. It exists particularly in the 
tendons and the skin of animals. 

Gluten. A vegetable substance somewhat similar to animql gelatine. It 
is the gluten in wheat flour which gives it the property of making 
good bread, and adhesive paste. Other grain contains a much less 
quantity of this nutritious substance. 

Grain. The tmallett weight made use of by chemical writers. Twenty 
grains make a scruple ; 3 scruples a drachm ; 8 drachms, or 4^ 
grains, make an ounce ; 14 ounces, or 6760 grains, a pound troy. 
The adroirdupois pound contains TOOOgraiqs. 

Granulation. The operation of pouring a melted metal into water, in or- 
der to divide it into small particles for chemical purposes. Tin is 
thus granulated by the dyers before it is dissolved in the proper 
acid. 

Gravity specific. This differs from absolute gravity in as much as it is 
the weight of a given measure of anv solid or fluid body, compar- 
ed with the <ame measure of distilled water. It is generally ex- 
pressed by decimals. 

Gums. ^ Mucilaginous exudations from certain trees. Gum consists of 
lime, carbon, oxygen, hydrogen, and nitrogen, with a little phos- 
phoric acid. 

H. 

ffeaty matter of. See Caloric. 

Hermetically. A term applied to the closing of the orifice of a glass tube, 
so as to render it air-tight. Hermes, or Mercury, was formerly 
supposed to have been the inventor of chemistry : hence a tube 
which was closed for chemical purposes, was said to be Hermeti- 
cally sealed. It is usually done by melting the end of the tube by 
means of a blow-pipe. 

Hydrogen. A simple substance ; one of the constituent parts of water. 

gas. Solid hydrogen united with a large portion of caloric. It is 

the lightest of all the known gases. Hence it is used to inflate bal- 
loons. It was formerly called infiamm«ble air. 

Hydro- Carbonates. Combinations of carbon with hydrogen are describ- 
ed by this term. Hydro-carbonic gas is procured from moisten- 
ed charcoal by distillation. 

Hydrogenized sulphurets. Certain bases combined with sulphuretted hy- 
drogen. 

HydrO'Oxydes. Metallic oxides combined with water. 

Hydrometers. Instruments for ascertaining the specific gravity of spirit- 
uous liquors or other fluids. 

Hygrometers. Instruments for ascertaining the degree of moisture in at- 
mospheric air. 

Hyperoxygeniaed. A term applied to substances which are combined with 
the largest possible quantity of oxygen. We have muriatic aciJ, 
oxygenized muriatic acid, and hyperoxygenlzed muriatic acid. 
The latter can be exhibited only in combination. 

I. 

Inflammation- A phenomenon which takes place on mixing certain aub- 
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stances. Tbe mixture of oil of turpentine with strong nitrous acidi 
is an instance of this peculiar chenoical effect. 

Jnfusion. A simple operation to procure the salts, juices, and other vir- 
tues of vegetables by means of water. 

Inlermediaies. A term made use of when speaking of chemical affinity. 
Oil, for eiample, has no affinity for water unless it be previously 
combined with an alkali ; it then becomes soap, and the alkali is 
said to be the intermedium which occasions tbe union. 

K. 

Kali. A genus of marine plants which are burnt to procure mineral alkali 
by afterwards lixiviating the ashes. 

L. 

Laboratory. A room fitted up with apparatus for the performance of 
chemical operations. 

Lactates. Salts formed by the combination of any base with lactic acid. 

Lakes. Certain colours made by combining the colouring matter of 
Gocbineal, or of certain vegetables, with pure alumine, or with ox- 
ide of tin, zinc, he. 

Lampf Argand'i. A kind of lamp much used for chemical experiments. 
It is made on the principle of a wind furnace, and thus produces a 
great degree of light and heat without smoke. 

Lens. A glass, convex on both sides, for concentrating the rays of the 
sun. It is employed by chemists in fusing refractory substances 
which cannot be operated upon by an ordinary degree of heat. 

Levigatton. The grinding down of hard substances to an impalpable 
powder on a stone with a mailer, or in a mill adapted to the pur- 
pose. 

Litlwrgi. An oxide of lend which appears in a state of vitrification. It 
is formed in the process of separating silver from lead. 

Lixivialion. The solution of an alkali or a salt in water, or in some oth- 
er fluid, in order to form a lixivium. 

Lixivium. .\ fluid impregnated with an alkali or with a salt. 

Lute. A composition for closing the junctures of chemical vessels to pre- 
vent the escape of gas or vapour in distillation. 

M. 

Maceration. The steeping of a solid body in a fluid in order to soften it, 
without impregnating the fluid. 

Malates. Salts formed by the combination of any base with malic acid. 

Malleahility. That property of metals which gives them the capacity of 
being extended and flattened by hammering. It is probably oc- 
casioned by latent caloric. 

Massicot. A name given to the yellow oxide of lead, as minium is appli- 
ed to the red oxide. 

Mairass. Another name for a bolt-head ; which see. 

Menstruum. The fluid in which a solid body is dissolved. Thus water 
is a menstruum of salts, gums, &.c. ana spirit of wine for resins. 

Metallic Oxides. Metals combined with oxygen. By this process they 
are generally reduced to a pulverulent form ; are changed from 
combustible to incombustible substances ', and receive the proper- 
ty of being soluble in acids. 
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Mineral. Any natural substance of a metallic, earthy, or saliue nature, 
whether simple or compound, is deemed a mineral. 

Mineralisers.^ Those substances which are combined with metals in their 
ores ; such as sulphur, arsenic, oxygen, carbonic acid, he. 

Mineralogy. The science of fossils and minerals. 

Mineral fVaiers. Waters which hold some metal, earth, or salt, in solu- 
tion. They are frequently termed Medicinal Waters. 

Molyhdaiti. Sails formed by the combination of any base with* the mo- 
lybdic acid. 

Mordants. Sabstances which have a chemical affinity for particular col- 
ours ; they are employed by dyers as a bond to unite the colour 
with the cloth intended to be dyed. Alum is of this class. 

Mueilage. A glutinous matter obtained from vegetables, transparent 
and tasteless, soluble in water, but not in spirit of wine. It chief- 
ly consists of carbon and hydrogen, with a little oxygen. 

Mucites. Salts formed by the combination of any base with the mucous 
acid. 

Muffle. A semi-cylindrical utensil, resembling the tilt of a boat, made of 
baked clay; its use is that of a cover to cupels in the assay fur- 
nace, to prevent the charcoal from falling upon the metal, or 
whatever is the subject of experiment. 

Muriates. Salts formed by the combination of any base with muriatie 
acid. 

N. 

jYalron. One of the names for mineral alkali, soda. 

J^eutralize. When two or more substances mutually disguise each oth- 
er as an acid and alkali, they are said to neutralize one another. 

Neutral Salts. A substance formed by the union of an acid with an al- 
kali, an earth, or a metallic oxide, in such proportions as to sa- 
turate both the base and the acid. 

Mlrates. Salts formed by the comblnatien of any base with nitric acid. 

NUrogtn. A simple substance, by the French chemists called azote. It 
enters into a variety of compounds, and forms more than three 
parts in four of atmospheric air. 

o. 

Ochres. Various combinations of the earths with oxide, or carbonate of 
iron. 

Ores. Metallic earths or metals, which frequently contain several extra- 
neous matters; such as sulphur, arsenic, &.c. 

Oxalates. Salts formed by the combination of any base with oxalic acid. 

Oxid^. Any substance combined with oxygen, in » proportion not suffi- 
cient to produce acidity. 

Oxidize^ To combine oxygen with a body without producing acidity. 

Oxidizement. The operation by which any substance is combined with 
oxygen, in a degree not sufficient to produce acidity. 

Oxygen. A simple substance composing the greatest part of water, and 
part of atmospheric air. 

— -^gas. Oxygen converted to a gaseous state by caloric. It is also 
called vital air. It forms nearly one-fourth ofatmospheric air. 

Oxygenize. To acidify a substance by oxygen. Synonymous with Ox- 
ygenate ; but the former is the better term. ' 

Oxys^niaement. The production of acidity by oxygen. 
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P. 

Pellicle. A thin skin which forms on the sarface of saline solutions and 
other liquors, when boiled down to a certain strength. 

Phosphates. Salts formed by the combination of any base with phospho- 
ric acid. 

Phosphites. Salts formed by the combination of any base with phospho- 
rous acid. 

Phosphurets. JSubstnnces formed by an union with phosphorus. Thus 
we have phosphurct of lime, phosphuretted hydrogen, &.C. 

Plumbago. Carburet of iron, or the black lead of commerce. 

Pneumatic. Any thing relating to the airs and gases. 

trough. A vessel filled in part with water or mercury, for the 

purpose of collecting gases, so that they may be readily removed 
irom one vessel to another. 

Precipitate. Any matter which, having been dissolved in a fluid, falls to 
the bottom of the vessel on the addition of some other substance 
capable of producing a decomposition of the compound, in con- 
sequence of its attraction either for the menstruum, or for the mat- 
ter which was before held in solution. 

Precipitation. The chemical process by which bodies dissolved, mixed, 
or suspended in a fluid, are separated from that fluid, and made to 
^ gravitate to the bottom of the vessel. 

Prustiates, Salts formed by the combination of any base with prussic 
acid. 

Putrefaction. The last fermentative process <5 nature, by which organ- 
ized bodies are decomposed so as to separate their principles, for 
the purpose of reuniting them by future attractions, in the produc- 
tion of new compositions. 

Pyrites. An abundant mineral found on the English coasts, and else- 
where. Some are sulphurets of iron, and others sniphurets of 
copper, with a portion of alumina and silex. The former are 
worked for the sake of the sulphur, and the latter for sulphur and 
copper. They are also called Marcasites and Fire-stone. 

— — martial. That species of pyrites which contains iron for its basis. 

Pyrometer. An instrument invented by Mr. Wedgwood, for ascertaining 
the degrees of heat in furnaces and intense fires. 

Pyrophori. Compound substances which heat of themselves, and take 
fire on the admission of atmospheric air. 

a, 

Quor/sr. A name given to a variety of siliceous earths, often mixed with 
a small portion of metalic oxides. Rock crystal and the amethyst 
are species of quartz. 

R. 

Radicals. A chemical term for the Elements of bodies ; which see. 

■ compound. When the base of an acid is composed of two or 

more substances, it U said that the acid is formed of a compound 
radical. The sulphuric acid is formed with a simple radical ; but 
the vegetable acid«, which have radicals composed of hydrogen 
and carbon, are said to be acids with compound radicals. 
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Reagenti' Substances which are added to mineral waters or other li- 
quids as tests to discover their nature and composition. See Tcsf . 

Receivers. Globular glass vessels adapted to retorts, for the purpose of 
preserving and condensing the volatile matter raised in distillation. 

Rulificationf b nothing more than the re-distiliing a liquid to render It 
more pure, or more concentrated, by abstracting a part of it. 

Reduction. The restoration of metallic oxides to their original stale of 
metals ; which is usually effected by means of charcoal and fluxes. 

Refining' The process of separating the perfect metals from other me- 
tallic substances. 

Refrigeralory. A contrivance of any kind, which, by containing cold 
water, answers the purpose ot condensing the vapour or gas that 
arises in distillation. A worm-tube is a refrigeratory. 

Resins. Vegetable juices concreted by evaporation either spontaneous- 
ly or by fire. Their characteristic is solubility in alcohol, and not 
in water. In seems that they owe their solidity chiefly to their 
union with oxygen. 

Rttwl. A vessel in the shape of a pear, with its neck bent downwards, 
used in distillation , the extremity of which neck fits into that of 
another bottle called a receiver. 

Rock' Crystal. Crystallized silex. 

S. 

Saccholates. Salts formed by the combination of any base with saceho- 
latic acid. & 

Salifiable Bases. All the metals, alkalies, and earths, which are capable 
of combining with acids, and forming salts, are called salifiable 
bases. 

Saline. Partaking of the properties of a salt. 

Salts netUral. A class of substances formed by the combination to satu- 
ration of an acid with an alkali, an earth, or other salifiable bases. 

triple. Salts formed by the combination of an acid With two ba- 
ses or radicals. The tartrate of soda and potash (Rochelle salt) 
Is an instance of this kind of combination. 

Saponaceous A term applied to any substance which is of the natare or 
appearance of soap. 

Saturation. The act of impregnating a fluid with another substance, till 
no more can be received or imbibed. A fluid which holds as much 
of any substance as it can dissolve, is said to be saturated with 
that substance. A solid may in the same way be saturated with a 
fluid. 

Sebates. Salts formed by the combiaation of any base with sebacic acid. 

Semi-Metal. A name formerly given to those metals which, if.exposed 
to the fire, are neither malleable, ductile, nor fixed. It is a term 
not used by modern chemists. 

Silietow Earths. A term used to describe a variety of natural substances 
which are composed chiefly of silex ; as quartz, flint, sand, be. 

Simple Substances. Synonymous with Elements : which see. 

Smelting- The opperation of fusing ores for the purpose of separating 
the metals they contain, from the sulphur and arsenic with whica 
they are mineralized, and also from other heterogeneous matter. 

Solution. The perfect union of a solid substance with a fluid. Salts dis- 
solved in water are proper examples of solution. 

Spars. A name formerly given to various crystallized stones ; such as 
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the floor spar, the adamantine spar, &c. These natural substances 
are now diitinguished by names which denote the nature of each. 

Stalactitct. Certain concretions of calcareous eartli found suspended 
like icicles in caverns. Thev are formed by the oozing of water, 
^ through the crevices, charged with this kind of earth. 

Steatite. A kind of stone composed of silex, iron, and magnesia. Also 
called French chalk, Spanish chalk, and soap-rock. 

Sub-Salts, Salts with less acid than is sufficient to neutralize their ra- 
dicals. 

Suberates. Salts formed by the combination of any base with the sube- 
ric acid. 

Sublimation. A process whereby certain volatile substances are raised 
by heat, and again condensed by cold into a solid form. Flowers 
of sulphur are made in this way. The soot of our common fires 
is a familiar instance of this process. 

Sueciruaes. Salts formed by the combination of any base with the suc- 
cinic acid. 

Sulphates. Salts formed by the combination of any base with the sul- 
phuric acid. 

Sulphites. Salts formed by the combination of anyj)ase with the sul- 
phurous acid. 

Sulphurets. Combination of alkalies, or metals with sulphur. 

Sulphureited. A substance is said to be sulphuretted wnen it is combined 
with soljphur. Thus we say sulphuretted hydrogen, Lc. 

Super-Salts. Salts with an excess of acid, as the supertartrate of potass. 

Synthesis. When a body is examined by dividing it into its component 
parts, it is called analysis ; but when we attempt to prove the na- 
ture of a substance by the uniim of its principles, the operation if 
called synthesis. 

T. 

Tartrales. Salts formed by the combination of any base with the acid 
of tartar. 

Temptrature. The absolute quantity of free calorie which is attached to 
any body occasions the degree of temperature of that body. 

Test, That part of the cupel which is impregnated with litharge in the 
operation of refining lead. It is also the name of whatever is em- 
ployed in chemical experiments, to detect the several ingredients 
of any composition. 

Test-Papen, Papers impregnated with certain chemical re-agents ; such 
as litmus, tumeric, radish, he. They are used to din into fluids to 
ascertain by a change of colours, the presence of aoias and alkalies. 

Thermometer. An instrument to show the relative heat of bodies. Fah- 
renheit's thermometer is that chiefly used in England. Other ther- 
mometers are used in different parts of Europe. 

Trituration. An operation whereby substances are united by friction^ 
Amalganu are made by thb method. 

Tubuiated. Retorts which have a hole at the top for inserting the mate- 
rials to be operated upon wittaoof taking them out^of the sand heat, 
are called tubulated retorts. 

Tungstates. Salts formed by the combination of any base with tungstic 
acid. 

V. 

Vacuum, A space unocapied by matter. The term is generally applied 
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to the eibaustion of atmospherie air by cheiaical or philosophi- 
cal means. 
Vtqxmr. This tern is used by chemists to denote such exhalations only 
as can be condensed and rendered liquid again at the ordinary at- 
mospheric temperature, in opposition to those which are perma- 
nenify elastic. 
Vital Air. Oxygen gas. The empyreal or fire-air of Scbeele, and the 

dephlogisticated air of Priestley. 
Vitrification. When certain mixtures of solid substances^ such as silex 
and ar alkali, are exposed to an intense heat, so as to be fused, 
and become glass, they are then said to be vitrified, or to have un- 
dergone vitrification. 
Vitriols. Salts formed with the sulphuric, formerly called vitriolic aci(f, 
and a base. Thus there was vitriol of iron, of copper, kjn. These 
salts are now called sulphates. 
Vitriolated Tartar^ The old name for sulphate of potass. 
Volatile Alkali. Another name for aramonia. 
Volatile Salts. The commercial name for carbonate of ammonia. 
Volatility. A property of some bodies which disposes them to assume 
the gaseous^tate. This property seems to be owing to their affi- 
nity for caloric.. 
Volume. A term made use of by modern chemists to express the space 
occupied bf gaseous or other bodies. 

u. 

Union,Chemi^al» When a mere mixture of two or more substances is 
made, they are said to be mechanically united ; but when each 
or either substance forms a component part of the product, the 
substances have formed a chemical union. 

w. 

fValer. The most common of all fluids, cpmposed of 79 parts of oxy- 
gen and 21 of hydrogen. 

mineral. Waters which are impregnated with miaetel and otlitf' 
substances, are known by this appellation^ These minerals are 
generally held in solution by carbonic, salphuric»or muriattc acids. 

iFelding Heat. That degree of heat in which two pieces of iron or of 
platina may be united hf hammering. 

Wolfram. An ore of tungsten containing also manganese and.iron. 

Woulfe*s apparahu. A contrivance for distilling the mineral acids and 
gaseous substances with little loss ; beine a train of recei?en 
with safety-pipes, and connected together oy tu]l^s. 

z, 

Zaffire. An oxide, oft cobalt ^ixed with a portion of siliceous master. 
It is imported in this state from Saxony, 

Zero, The point from which the scale of a thermometer is graduated 
Thus 0elsitt's and Jleaumur's thermometers have thnir zero at the 
freegfng point, while the thermometer of Fahrenheit has its sero 
at that point at which it stands when immersed in a miitnrs of 
snow and common salt. 
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